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Soon after I was appointed Professor of Sanskrit and 
Comparative Philology in the Presidency College at 
Madras, and in that capacity took charge of the office of 
the Curator of the G-overnment Oriental Manuscripts 
Library, the late Mr. G. H. Stuart, who was then the 
Dii-ector of Public Instruction, asked me to find out if 
in the Manuscripts Library in my charge there was 
any work of value capable of throwing new light 
on the history of Hindu _ mathematics, and to publish 
it, if found, with an English translation and with 
such notes as were necessary for the elucidation of 
its contents. Accordingly the mathematical manu- 
scripts in the Library were examined with this object 
in view; and the examination revealed the existence 
of three incomplete manuscripts of Mahavlracarya’s 
Ganita-sara-sangraha. A cursory perusal of these manu- 
scripts made the value of this work evident in 
I'elation to the history of Hindu Mathematics. The 
late Mr. G. H. Stuart’s interest in working out this 
history was so great that, when the existence of the 
manuscripts and the historical value of the work were 
brought to Ms notice, he at once urged me to try to pro- 
cure other manuscripts and to do all else that was 
necessary for its proper publication. He gave me much 
advice and encouragement in the early stages of my 
endeavour to publish it ; and I can well guess how it 
would have gladdened Ms heart to see the work publis^.^ 
in the form he desired. It been to pe a sowh^ of 
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very keen regret that it did not please Providence to 
allow tim to live long enough to enable me to enhance 
the value of the publication by means of his continued 
guidance and advice; and my consolation now' is that it 
is something to have been able to carry out what he with 
scholarly delight imposed upon me as a duty. 

Of tile three manuscripts found in the library one 
is written on paper in Graiitha characters, and cmitnms 
the first five chapters of the work -with a running 
commentary in Sanskrit ; it has been denoted here by 
the letter P. The remaining two are palm-leaf manu- 
scripts in Kanarese characters, one of them containing, 
like P, the first five cliapters, and the other the seventh 
chapter dealing with the geometrical measurement of 
areas. In both these manuscripts there is to ^ be 
found, in addition to the Sanskrit text of the original 
work, a brief statement in the Kanarese language of 
the figures relating to the various illustrative problems as 
also of the answers to those same problems. Owing to 
the common characteristics of these manuscripts and 
also owing to their not overlapping one another in respect 
of their contents, it has been tliought advisable to look 
upon them as one manuscript and denote them by K. 
Another manuscript, denoted by M, belongs to tlu; Gov- 
ernment Oriental Library at Mysore, and was received 
on loan from Mr. A. Mahadeva Sastri, u.v., the Om-ator 
of tkat institution. This manuserifit is a transcription 
on paper in Kanarese ohanicters of on original palm-leaf 
manuscript belonging to a Jaiua Pandit, and contains 
the whole of the work with a short commentary in the 
Kanarese language by one Vallabha, who claims to be 
the author of also a Telugu commentary on the same 
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■work. ' Altkough. incorrect in many places, it proved 
to be of great value on account of its being complete and 
containing tke Kanarese commentary ; and mj tkanks 
are specially due to Mr, A. Makadeva Sastri for bis leaving 
it sufficiently long at my disposal. A fiftk manuscript, 
denoted by B, is a transcription on paper in Kanarese 
ckaraoters of a palm-leaf manuscript found in a Jaina 
monastery at Mudbidri in South Oanara, and was obtained 
through the kind effort of Mr. fi. Krishnamackaryar, m.a., 
the Sub-assistant Inspector of Sanskrit Schools in 
Madras, and Mr. U, B. Yenkataramanaiya of Mudbidri. 
This manuscript also contains the whole work, and 
gives, like K, in Kanarese a brief statement of the pro- 
blems and their answers. The endeavour to secure more 
manuscripts having proved fruitless, the work has had 
to be brought out with the aid of these five manuscripts ; 
and owing to the technical character of the work and its 
elliptical and often riddle-like language and the inaccu- 
racy of the manuscripts, the labour involved in bringing 
it out with the translation and the requisite notes has 
been heavy and trying. There is, however, the satisfac- 
tion that all this labour has been bestowed on a worthy 
work of considerable historical value. 

It is a fortunate circumstance about the Ganita-sara- 
sangvalia that the time when its author Mahaviraoarya 
lived may be made out with fair accuracy. In the very 
first chapter of the work, we have, immediately after 
the two introductory stanzas of salutation to Jina Maha- 
vTra, six stanzas describing the greatness of a king, 
whose name is said to have been Oakrika-bhafijana, and 
who appears to have been commonly known by the title 
of Amoghavarsa Nrpatunga j and in the last of 
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six stanzas there is a benediction wishing progreSisiTe 
prosperity to tlie rule of this King. The resnlts^ of moder e 

Indian epigraphical research shosy that this king Am3- 
ghavarsa jSTrpatuhga reigned from A. D. 81 1 or 815 to A. D. ’ 

S77 or 878.* Since it appears probable that the author 
of the Ganlta-sam-sangrahi was in some way attached 
to the court of this Rastrakuta king Amoghavarsa IS'rpa- 
tuhga, we may consider the work to belong to the middle 
of the ninth century of the Christian era. It is now ■ 

generally accepted that, among well-known early Indian 
mathematicians Aryabhata lived in the fifth, Varahami- : 

hira in the sixth, Brahmagupta in the seventh and 
Bhaskaracarya in the twelfth century of the Christian ; 

era ; and chronologically, therefore, Mnhaviracarya comes 
between Brahmagupta and Bhaskaracarya. This in itself 
is a point of historical noteworthiness ; and the further 
fact that the author of the Gmuki-sara-mngraha belonged 
to the Kanarese speaking portion of Houth India in his f 

days and was a Jaina in religion is calculated to giro an 1 

additional importance to the historical value of his work . 

Like the other mathemaiioians mentioaed above, Maha- 
vTracarya was not primarily an astronomer, although he 
knew well and has himself remarked about the usefulness 
of raathematios for the study of astronomy. Tiie study 
of mathematics seems to have been popular among Jaina 
scholars ; it forms, in fact, one of their four anmjdgm or 
auxiliary sciences indirectly serviceable for the attainment 
of the salvation of soul-liberation known as mQhm. 

A comparison of the Ganita-sara-smgraka with the 
corresponding portions in the Bmhnmphafa-siddkmtct of 



1‘EBI'AdE, 


ir; 

Brahmagupta is calculated to lead to the conclusion that, 
in all probability, Mahaviracarya was familiar with the 
work of Brahmagupta and endeavoured to improve upon 
it to the extent to which the scope of his Ganita-sara- 
permitted such improvement. Mahaviracarya’ s 
classification of arithmetical operations is simpler, his 
rules are fuller and he gives a large number of examples 
for illustration and exercise. Prthudakasvarnin, the well- 
known commentator on the Brahmasphufa-siddMnta, 
could not have been chronologically far removed from 
Mahaviracarya, and the similarity of some of the exam- 
ples given by the former with some of those of the latter 
naturally arrests attention. In any case it cannot be 
wrong to believe, that, at the time, when Mahaviracarya 
wrote his Gamia-sdra-sangraha, Brahmagupta must have 
^ been widely recognized as a writer of authority in the 
field of Hindu astronomy and mathematics. Whether 
Bhaskaracarya was at all acquainted with the Gamia- 
sdra-sangraha of Mahaviracarya, it is not quite easy to 
say. Since neither Bhaskaracarya nor any of his known 
commentators seem to quote from him or mention him 
by name, the natural conclusion appears to be that Bhas- 
karacarya’s Siddhdnta-Urdmani, including his Lilavat! 
and Bijaganita, was intended to be an improvement in 
the main upon the Brahmasphvta-siddhdnia of Brahma- 
gupta. The fact that Mahaviracarya was a Jaina might 
have prevented Bhaskaracarya from taking note of him ; 
or it may be that the Jaina mathematician’s fame had not 
spread far to the north in the twelfth century of the 
Christian era. His work, however, seems to have been 
widely known and appreciated in Southern India, So 
early as in the course of the eleventh century and perhaps 
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under the stimulating influence of the enlightened rule 
of Eajarajanarendra of Rajahmundryj it was translated 
into Telugu in verse bj Pavuluri Mallana ; and some 
manuscripts of this Telugu translation are now to be 
found in the 0-overnment Oriental Manuscripts Library 
here at Madras. It appeared to me that to draw suit- 
able attention to the historical value of .Mahavinioiirya's 
Ganitasara-mhgraha, I could not do better than ' seek 
the help of Dr. David Eugene Smith of the Columbia 
University of New' York, whose knowledge of the history 
of mathematics in the West and in the East is known to 
be wide and comprehensive, and who on the occasion 
when he met mein person at Madras showed great inter- 
est in the contemplated publication of the Ganiia-sara- 
sangraka and thereafter read a paper on tl)at work at the 
Fourth International Congress of Mathematicians held 
at Rome in April 1908. Accordingly I requested him to 
write an introduction to this edition of the Ganita-mra- 
sangraha, giving in brief outline what he considers to be 
its value in building up the history of Hindu raatheroatics. 
My thanks as well as the thanks of all those who may as 
scholars become interested in this publication are there- 
fore due to him for his kindness in having readily com- 
plied with my request; and I feel no doubt that his 
introduction will be read with great appreciation. 

Since the or igi n of the decimal system of notation 
and of the conception and symbolic representation of 
zero are considered to be important questions connected 
with the history of Hindu mathematics, it is well to point 
out here that in the Ganiia-sara-saiigraka twenty-four 
notational places are mentioned, commencing with the 
units place and ending with the place called maMksohha^ 


:#EEFAOE. xiii 

and that the value of each succeeding place is taken to 
be ten times the value of the immediately preceding place. 
Although certain words forming the names of certain 
things are utilized in this work to represent various 
numerical figures, still in the numeration of numbers with 
the aid of such words the decimal system of notation is 
almost invariably followed. If we took the words Tfioon, 
eye, fire, and sky to represent respectively 1, 2, -H and 0, 
as their Sanskrit equivalants are understood in this work, 
then, for instance, fire-sky -mn on-eye would denote the 
number 2103, and moon- eye-sky. fire would denote 3021, 
since these nominal numerals denoting numbers are 
generally repeated in order from the units place upwards. 
This combination of nominal numerals and the decimal 
system of notation has been adopted obviously for the 
sake of securing n^rieal ponyenience and avoiding at 
the same time cumbrous ways of mentioning numerical 
expressions ; and it may well be taken for granted that for 
the use of such nominal numerals as well as the decimal 
system of notation Mahaviracarya was indebted to his 
predecessors. The decimal system of notation is distinctly 
described by Aryabhata, and there is evidence in his -writings 
to show that he was familiar with nominal numerals. 
Even in his brief mnemonic method of reperesenting 
numbers by certain combinations of the consonants and 
vowels found in the Sanskrit language, the decimal 
system of notation is taken for granted ; and ordinarily 
19 notational places are provided for therein. Similarly 
in Brahmagupta’s writings also there is evidence to show 
that he was acquainted with the use of nominal numerals 
and the decimal system of notation. Both Aryabhata 
and Brahmagupta claim that their astronomical worka 
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are related to the Brahma-mddhmta and ia a work of 
this name, which is said to form a part of what is called 
Sakahja-scimhiid, and of which a manuscript copy is to he 
found in the Government Oriental Manuscripts Library 
here, numbers are expressed mainly by nominal numer- 
als used in accordance with the decimal system of 
notation. It is not of course meant to convey that this 
work is necessarily the same as what was known to 
Arayabbata and Brahmagupta; and the fact of its using 
nominal numerals and the decimal system of notation is 
mentioned here for nothing more than what it may be 
worth. 

It is generally recognized that the origin of the con- 
ception of zero is primarily due to the invention and. 
practical utilization of a system of notation wherein the 
several numerical figures used have place- values apart 
from what is called their intrinsic value. In writing 
out a number according to such a system of notation, 
any notational place may be left empty when no figure 
with an intrinsic value is wanted there. It is probable 
that owing to this very reason the Sanskrit word Mntfa, 
meaning ‘ empty came to denote the zero ; and when it 
is borne in mind that the English word ‘cipher’ is 
derived from an Arabic word having the same meaning 
as the Sanskrit Mnya, we may safely arrive at the 
conclusion that in this country the conception of the 
zero came naturally in the wake of the decimal system 
of notation : and so early as in the fifth century of the 
Christian era, Aryabhata is known to have been fully 
aware of this valuable mathematical conception. And 
in regard to the question of a symbol to represent this 
conception, it is well worth bearing in mind that opera- 
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tions witli the zero cannot be carried on — not to saj 
cannot be even thought of easily — ■without a symbol of 
some sort to represent it. Mahaviracarya gives, in the 
very first chapter of his Gfanita-sara-sangralia, the results 
of the operations of addition, subtraction, multiplication 
and division carried on in relation to the zero quantity ; 
and although he is wrong in saying that a quantity, 
when dmded by zero, remains unaltered, and should 
have said, like Bhaskaracarya, that the quotient in such 
a case is infinity, still the very mention of operations in 
relation to zero is enough to show that Mahaviracarya 
must have been aware of some symbolic representation of 
the zero quantity. Since Brahmagupta, who must have 
lived at least 150 years before Mahaviracarya, mentions 
in his work the results of operations in relation to the 
zero quantity, it is not unreasonable to suppose that 
before his time the zero must have had a symbol to 
represent it in written calculations. That even Arya- 
bha'ta knew such a symbol is not at all improbable. It is 
worthy of note in this connection that in enumerating 
the nominal numerals in the first chapter of his work, 
Mahaviracarya mentions the names denoting the uinA 
figures from I to 9, and then gives in the end the names 
denoting zero, calling all the ten by the name of sanhhya: 
and from this fact also, the inference may well be drawn 
that the zero had a symbol, and that it was weU known 
that with the aid of the ten digits and the decimal system 
of notation numerical quantities of all values may be 
definitely and accurately expressed. What this known 
zero-symbol was, is, however, a different question. 

The labour and attention bestowed upon the study and 
translation and annots^tioq. of the Qanita-^sara-smgfi ^ ; 
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1 made it clear to rae that I was justified in tMnk- 
that its publication might prove useful in eluci- 
•jg the condition of mathematical studies as thev 
•ished in South India among the Jaiims in the ninth 
ury of the Christian era ; and it has 1>eeu to me a 
oe of no small satisfaction to feel that in bringing 
this work in this form, I have not wasted my time 
thought on an unprofitable undertakitnjr. The value 
le work is undoubtedly more historical than mathe- 
cal But it cannot be denied that the step by step 
fcruction of the history of Hindu culture is a worthy 
avour, and that even the most insignificant labourer 
le field of such an endeavour deserves to be looked 
)iS|b8 a useful worker. Although the editing of the 
'i^i-sara-sanffra/ia hiis been to me a labour of love and 
, it has often been felt to be heavy and taxing ; and 
herefore, consider that I am specially bound to 
iowledge with gratitude the help wliich f have 
in relation to it. In the early stag)?, when 
and collating and interpreting the manuscripts 
the chief work to be done, Hr’. M. B. Yaradaruja 
mgar, b,a , b.l , who is an Advocate of the Chief 
rl at Bangalore, co-operated with me au«l gave me 
wount of aid for which I now offer him ray thanks. 
,'K. Kiishnaswarai Aiyangar, b,a., of the Madras 
i|tian College, has also rendered considerable asai.st- 
|ia this manner ; and to him also I offer my thanks. 

' % I have had to consult on a few oecasions 
i^^eshu: Aiyar,' Professor; of::’:Hathen3atical 

‘'I '.fidn: the Presidency; College herei; 

rationale of some of the rules given in the 
l^d I atii innc^ obliged to him for hie r 
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willingness in allowing me thus to take advantage of his 
expert knowledge of mathematics. My thanks are,. I 
have to say in conclusion, very particularly due to 
Mr. P. Yaradacharyar, b.a., Librarian of the Govern- 
ment Oriental Manuscripts Library at Madras, but for 
whose zealous and steady co-operation with me through- 
out and careful and continued attention to details, it 
would indeed have been much harder for me to bring out 
this edition of the Gamia-sara-sangraka. 


February 191% ^ 
Madras. 


M. KANGACHARXA. 
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New York. 


We have so long been acensfcomed to thiafe of Pataliputra on 
the Ganges and of Ujjain over towardsthe western coast of Tndi'o. 
as the ancient habitats of Hindu mathematics^ that we experience 
a kind of surprise at the idea that other centres eqnallj important 
existed among the multitude of cities of that great empire. In 
the same way we have known for a century, chiefly through the 
labours of such scholars as Oolebrooke and Taylor, the works of 
Aryabhata, Brahmagupta, and Bhaskara, and have come to feel 
that to these men alone are due the noteworthy contributions to 
be found in native Hindu mathematics. Of course a little reflec- 
tion shows this conclusion to be an incorrect one. Other great 
schools, particularly of astronomy, did exist, and other scholars 
taught and wrote and added their quota, small or large, to make 
up the sum total. It has, however, been a little discouraging 
that native scholars under the English supremacy have done so 
little to bring to light the ancient mathematical material known 
to exist and to make it known to the Western world. This 
neglect has not certainly been owing to the absence of material, 
for Sanskrit mathematical manuscripts are known, as are also 
Persian, Arabic, Chinese, and Japanese ^ and many of these are 
well worth translating from the historical standpoint. It has 
rather been owing to the fact that it is hard to find a man with 
the requisite scholarship, who can afford to give his tini A to what 
is necessarily a labour of love. . 
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It is a pleasure to know that siieh a roan has at last appeared 
and tliatj thanks to his profonud scliolarship aiicl great iiersever- 
anee, we are now receiving new light upon the snhijeel of Oriental 
inatliematic'is as known in another part rd' India and at a time 
about midwnj between that of Aryabiiaia. and Jihaskara, and 
two centuries later than BrahEiagnpta. The learriifd scholar^ 
Professor M. Eahga<;arja of iludrasj Home years ago became 
interested in the work of Mahaviraciuna, and has now com|iletefl 
its tratislation, thus making the mathematical %vor1d. liin perpetual 
debtor ; and I esteem it a high honour to lia reii nested to write 
an introdoetion to so noteworthy a work, 

Maha^iraearya appears to have lived in the court of an old 
innch of Eastraknta monarch, who rolerl probiibiy over iimeh of 
whiit is now the kingdom of Mysore and other ICanaivse tracts, 
and w^hose name is given as AmSgfaavarsa K'?patuiiga. He is 
known to have ascended the throne in the first half of the ninth 
century A*!)., so that we may roughly fix the date of the treatise 
in question as about 850. 

The vrork itself consists, as will be seen, of nine ihapters, like 
the B^ju-^ganitJ of Bhaakara^ it has one ini>ro chapter thiin the Ifiif 
tahu of Brahrna-gupta. There is, how«?ver, no significance in this 
n mate, for the chapters are not at all parallel, although CMirtain 
of the topics of Brahma giipta-’s CrriuHa and Bhaskands LlhlmU 
are included in the Qtmiki-^mm^Bimijnflw. 

In consicleriiig the work, the reader naturally repoats to him- 
self the great questions that are so often raised :™llow much of 
this Hindn trcfatment is original ? What ovidciiees are there here 
of Greek iiifluenee ? What relation was there lietwoen the 
great niathematical centres of India F What is the ciistiactivi 
feature, if any, of’ the Hindu algebraic theory ? 

Such questions are not new, Bavis and Straohey, Colebrooke 
and Taylor, all raised similar ones a century ago, and they »re hj 
no means satisfactorily answered even yet. Nevertheless * we 
are making good progress towards their satisfactory solntbn in 
the not too distant future. -The past century has seen several 
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Chinese and Japanese mathematical works'''made"'’ more or Jess 
familiar to the West ; and the more important Arab treatises are 
now quite satisfactorily Irnown. Yarions editions of Bhaslsara 
have appeared in India ; and in general the great treatises of the 
Orient have begun to be subjected to critical study. It would be 
strange, therefore, if we were not in a position to weigh up, with 
more certainty than before, the - claims of the Hindu algebra. 
Certainly the persevering wort: of Professor Rahgacarja has made 
this more possible than ever before. 

As to the relation between the Bast and the West, we should 
now be in a position to say rather definitely that there is no 
evidence of any considerable influence of Greek algebra upon 
that of India, he two subjects were radically different. It is 
true that Diophantus lived about two centuries before the first 
Aryabhata, that the paths of trade were open from the Y^est to 
the East, and that the itinerant scholar undoubtedly carried 
learning from place to place. But the spirit of Diophantus, 
showing itself in a dawning symbolism and in a peculiar type of 
equation, is not seen at all in the works of the East. None of his 
problems, not a trace of his symbolism, and not a bit of his phraseo- 
logy appear in the works of any Indian writer on algebra. On 
the contrary, the Hindu works have a style and a range of topics 
peculiarly their own. Their problems lack the cold, clear, 
geometric precision of the West ; they are clothed in that poetic 
language which distinguishes the East, and they relate to subjects 
that find no place in the scientific books of the Greeks. With 
perhaps the single exception of Metrodorus, it is only when we 
come to the puzzle problems doubtfully attributed to Alouin that 
we find anything in the West which resemhle.s, even in a slight 
degree, the work of Alenin’s Indian contemporary, the author of 
this treatise. 

It therefore seems only fair to say that, although some knowl- 
edge of the scientific work of any one nation would, even in 
those remote times, naturally have been earided to other peoples 
by some wandering savant, we have nothing in the writangfl- pi 
the Hindu algebraists to show any direct inflnenop of ttp ypab 
upon their problems or their theories, , 
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■yiTjen wc come to the question of tiio relation botwinni ihe 
different sections of the Bast, however, we meet with more 
difficulty. What were the relations, for example, hot ween the 
school of Patalxputra. where Aryabimta wrote, and that of rjjain, 
where both Brahmagupta and Bhaskara lived and tanglit y And 
what was the relation of each of these to the school down in 
Bonth India, which produced this notable treatise of Mahuvirn- 
caryaf And, a still more interesting que.stioji is, what van we aay 
of the infiucnce exerted on Ohina by J-iiudu schoinrs, or fi>e 
■versa ? When we find one set of early inscriptions, those at Nana 
Ghat, using the first three Ohiiiese numerals, and another of about 
the same period using the later forms of *Mesopritauiia, we feel 
that both China and the West may have iafluonced Hiudix seiunee. 
When, on the other hand, we consider the prolilems of the great 
trio of Chinese algebraists of the thirteenth coufnry, Chb'u Chiu- 
shang, Li Yeh, and Chu Shih-chieh, we feel that Jlindn algebra 
must have had no small influence upon the North of Asia, although 
it must he said that in point of theory tlie Chinese of that period 
naturally surpassed the earlier writers of India. 

The answer to the questions as to the relation between the 
schools of India cannot yet be easily given. At first it would seem a 
simple matter to compare the teratises of the three or four great 
algebraists and to note the similarities and differences. When 
this is done, however, the result seems to be that the works of 
Brahmagupta, Mahavlnicarya, and Bhaskara may bo described as 
similar in spirit but entirely different in detail. For example, 
all of these writers treat of the areas of polygons, but Malirtvinl- 
oSxya is the only one to make any point of those that are re-ent- 
rant. All of them touch upon the area of a segment of a tbcie, 
but all give different rules. The so*eal!ed operation (page 

209) is akin to work found in Brahmagupta, and yet none of the 
problems is the same. The shadow problems, primitive cases of 
trigonometry and gaomonies, suggest a similaniy among these 
three great writers, and yet those of Mahilvirilcarya are muoh 
better than the one to be found in either Brahmagupta or 
Bhaskara, and no qutstions are duplicated. 


IKTROOTCTION. 


xxiii 


In the way of similarity, both Brahmagupta and Mahavlra- 
oarya give the formula for the area of a quadrilateral, 

V -- a) is-- b) <j) ' ( 5 — dJ) 

— ^biii neither one observes that it holds only for a cyclic 
figure. A few problems also show some similarity such as 
that of the broken tree, the one about the anchorites, and the 
common one relating tc the lotus in the pond, but those prove 
only that all writers recognized certain stock problems in the 
East, as we generally do to-day, in the West. But as already 
stated, the similarity is in general that of spirit rather than of 
detail, and there is no evidence of any close following of one 
writer by another. 

When it comes to geometry there is naturally more evidence 
of Western influence. India seems never to have independently 
developed anything that was spoeialiy worthy in this science. 
Brahmagupta and Mahaviracarya both use the same incorrect 
rules for the area of a triangle and quadrilateral that is found in the 
Egyptian treatise of Ahmes. So while they seem to have been 
influenced by Western learning, this learning as it reached India 
could have been only the simplest. These rules had long since 
been shown by Greek scholars to be incorrect, and it seems not 
unlikel}^ that a primitive geometry of Mesopotamia reached out 
both to Egypt and to India with the result of perpetuating these . 
errors. It has to be borne in mind, however, that Mahaviracarya 
gives correct rules also for the area of a triangle as well' 
as of a quadrilateral without indicating that the quadrilateral 
has to be cyclic. As to the ratio of the circumference to the 
diameter, both Brahmagupta and Mahaviracarya used the old 
Semitic value 8, both giving also ViO as a closer approximation, 
and neither one was aware of the works of Archimedes or of 
Heron. That Aryabhata gave 3*14l6 as the vulue of this ratio 
is well known, although it seems doubtful how far he used it 
himself. On the whole the geometry of India seems rather Baby - 
Ionian than Greek. This, at any rate, is the inference that one 
would draw from the works of the writers thus far known. ; ; '! . 

As to the relations between the Indian and the OMnase aigblw^'^ 
it is too early to speak with much oertmty* fe^the 



ganitasIbasangbaha. 

problems there is a similarity in spii-it, but we have not yet enough 
translations from the Chinese to trace any close resoinblauce. In 
each ease the qnestions proposed arc radically ditb.'reiit from those 
found eommoulv in the West, and we must c-Miu-lnrie that the 
algebraic taste, the purpose, and the metiiod were all distinct in 
the two great divisions of the world as then known. Katber than 
a-ssert that the Oriental algebra was iutlnenecd the Oecidental, 
wc should sav thafthe' reverse was the . asu. ibigd-i<l. subjected 
to the influence of both the hast and ibo We.t, transmitted mure 
to Europe than it did to India-, hemiaruu Fibonucci, tor example, 
shows much more of the Oriental influoucc than Bhaskara, who 
was nraotieully his contemporary, shows of the Occhluntal. ^ 
Professor Eaugaearya has, theivfore, by his groat contribution 
to the history of mathematies confirmed the view already taking 
rather concrete form, that India devclopni an algebra of her own j 
that this algebra was set. forth by several writers all imbued with 
the same spirit, but all reasonably independent of one another 5 
tbot Iiiiia inttuenecd Burope in the matter uf algebra, more than 
it was influenced in return ; that there was no native geometry 
really worthy of the name; that trigonometry wiw praclioiilly 
nou-e.vistent save as imported from the (ir-'ob astronomers ; 
and that whatever of geometry was developed came probably from 
Mesopotamia rather than from Greece. His lalwurs hav.; revealed 
to the world a wiit-er almost imknowu to European scholars, and 
a work that is in many respects the mmt scholarly of any to be 
found in Indian mathemetieal litfratiiro. 'I'hey have given us 
further evidence of the fact that Oriental mathomatiw lacks the 
cold logioj.the arrungemmit, an 1 the abstract ebarao^r 

of Greek mathematics, but that it posses.s..-« a richunss of imagin- 
ation, an interest in problem-setting, and poetry, nil ol which are 
lacking in the treatises of the We.st., although abounding in the 
works of China and Japan. If, uov/, his labours shall lead others 
to bring to light and set forth more and 1110 re of IhtMds.ssics of 
the East, and in particalar those of early and niedimval China, the 

world will be to a still larger extent hia debtor. ; , 
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^JEm'^ft^spfra^T =f€Ff?f If %% !l 

^c5 ?F-E^: |j vs^o li 

II 

wrrsii t\ ^qoff 1 

mti #|f?r mffir^ #i ri^sr: n w 

3Tff%: =^qrs#rfif<'iffm5r^ ^'r >^^5?: t 

’TJ?T’7^-sr=f4tsg1 li 1% II It 


STTlI'^RR ^T?*lf?frrg t 

^n%i' 5i*rg; ii n 

3fipTRq?r?Tfi— 

JTWT«r^ i 

1^1- 11 's'rf ii 

wwrffTr?iHqj!f — 

frfr^fJt JT=5^f?T H^iTOf^rT Tf^fT*i i 

mitfff i! \s<\ j| 

»r5§i?t 5^Trff!Jr%r i 

^d|t ifTTfrfi%^ ^y^^: 1} \9^ ij 





cTTq'?^ l|jqTFH=^«r: I 

=^4|S5 TSf5^-qTRT=5S'rr'^4 |W II a 


?Tf M fT^ 553Si- f-g'H t 

lif;|^ H=fq: II ^<"11 

armt^Tfr: i 

=w^#^Trfnf?n 3n%cW5r iFPSsf,! 

JT=S|fH=^?|5r3T^ ‘»Tl%rllf^TO% il ^^11 


q=3^q%5T ^rglJT I 

iq?r«r^ H3^^qTT%T% fqf^ ii <'» ii 

srn^sr^JT i 

t%q- m ^Tqqr 3# ii c'Ui 

qqqR-5r(qfqs5f: 1 

m mm qttrqit 11 11 

aff^Tf^T^: i 

fPT 5Rt wm ttse? ef q ^ ifl 11 <'\ a 


M JT*n=^. 




r. \ ^ 

; ^ its rrfiT=f?Trf!f£?f TOM 

rffTOg*# 5j¥r^ "goriTm^gf^f-T 11 <'y n 

i 

m rpff fgrjirij I 

pi 1 ! <'*j^ II 

oJf^frJTffTt fgffWrTI^gTf p; j 

n €i n 

3T^^T^; ! 

wsTOi^r s^f^cpwlmr mmm i 
ftf^pTTW m w fw>j|«-7 II n 

W[fl5iiTpiT«r^JTR ^srq ^ ' jTFT^T^Tprfr |j <'<r n 



W5:?<sr f|g pTOTT^rH \\ n 

\ 4 )\\% *i'Sp=f IH f I 

i< ^^q;|-»aHt n*lBT l|iTj ^ fl^ IKo II 



21 



yrtfi: i 

M*ltg5-’Tfr^?r =^qr ^Wg^^RTfJI \ \ 11 


3T^TW^: ! 

HifPffrRf JTTOll^siTIT^^gg; J?qq> li i| 

srq — 

’?^ff3'jrff^5fwfr5i3T^f^qi|orsrjt i 

JOTfTfjtff f^srRFTI^ || %\ \\ 

?T5r3j — 

iT 3T^ s^fRSTT^^Tf^ II ^5? i! 

30Tfiff^^?5Jr«r5Ti?rq^ 'rfffrfT%-mR?iw =f 

3T^ i 

rf^jDTg^pt 5\^m?3TTRcT mq^W %^ l! 

goTsPTt^rN'f^'Ji?,, t 

T% 50 IW^ I I 

w. 3^SB:;prq! cf^ T%^fejT!W H i\l 


3®MJTWT%tt3Tife ?T 1^ I 

TT^^sTHgqErffrsrfcT 5f&ift srirsTiT^: II «.vs u 


5^3T% gEH-F^ir qP-TI fW rf??T 1^1 

JT=5#T 5Bf5;RW II «.<' H 

^TOFjprfrifiWTO, i 

sFTTW^wrfi: g?r% sfimWfET CRRT: !! !l 
?TH 3 ^%BI^??T^^ 5 k= 5 ^ f% i 

mqWWf^THHWgBTmT’^^.WTH 1! ?oo II 

.prffTlH =fq: 1 

sq^i^jj^fjfTrrSr^ !i ?o^ ii 

I 

j%qp5T^q: i 

q^qqqq^^f?^;(fri%i^qJTit|TOq g?t |%q j| \ o ^ \[ 

..',0 v :.:.^ ■ , ■ '■ . . ' 

^^igoiFW 5T5T^f^ 1 

51 ^^^ 3Ttfi ?fi:R?Tf^qiwfe: II It 

®m|w: 1 

iT|5Bf >rTrHHc3WH^Trft 

it i%qcqq ms^ ii \o% h 

eHTf^’l%2^ ^3T|fTrR?r%?:q|qq | 


ssfp# 

ij \ 11 

Wf fstf W^TH?, I! 


s^sF ??r%rr =^!f d ?!gfwg,^ i 

^gJT=E§5i%?T ^ II II 

Hg>m!=c#0| 3gf^l%TsrJT#SW5TFTqJTH^J? — 

%#H mm i 

^fiH^i^oT 5g?^i^^ II ? o \9 11 

=q=q|fff3Tg[55|rg3f^?^rJT’^ 55r^fc5ffKr;T^£f ^T^gJI=53TFr- 

q^ =f — 

«\ , ■ . ■ ■ 

Trm sqq^l%q gfJTIrq =f I 
?T'4^’T=^^Tq ?f^ II \°<: II 

OTr=5^wr?if Jir«??rf — 

WT5fW#e'»FE^ffTTf%: 5rg^: I 

STltfiJr i^af qq??qrs:^^ff^^'7 *rf#t .'! \o% n 

giq5qc^#5g^^JT=s^ffT?im?r?T5rii-- 

=^sfT^1 fT^^ 1 

fr^s^g; 11 u ? 1! 


> M >TTOt- 




=W f%s?l??>^^ I! t! t li 

Sff smi I 

^icTg-q fff m ^m-. 1 1 VU 1 1 

’?|?r^R^' 5T^: ftjOTfTH# nWii ! 

=^ift ^^^^\ 

1% ^^*1 1! ll^ I! 

5q5|c^^=f#frff*Jf*l— 

o^irawH 

^^(jR<?j?«fq^{?r[t *rM#WiT|%^1l%?ri[ i! UH H 

^-JTFFT^T^i! 

?TK?!f I >Tfe^Tr# ^cff '?RSF^JTWf 

sqf^fH: ?r*nH: ti 


'wm^ 










IWWR: I 


; !%m 5*11^ g;; i ^ 

?Tg?55f^ 3TBf^l' 


Tffi: ’Tc5MJ?T??T 3T^^ I 

-qs# T% JT^l' c5frg !1 ^ 


rim ^xsm mnw^wig: ] 


qs?r W (i ? O 


■q^5?THqf sr^Ttrg|cfi 
?^- 5 rfcq[ fqrf %;T qoiJf T%q^q \i l\ 


5??fr^i^qwf5g:3^!sp 

T% 'Sc? w q^q fgq ii 


Tq^H^K: I 


^qq^qws^RER-qc^q gj^or^rq w-^i — 

■ *^. «;\ 

?r-#f^^Tfrr1 qtfl:i it ^3 ^ h 






3Tor^ ^jf ^i i 

Wt:f9TR3Tpl’3Tn=F!'l3TnRf ^ f^5TTf)Hl51^ll \ H i 

cfj 5iit 

^ # JTOigJiSfSTt'^T !l I! 

q- qwq? ¥rw ^fTSTfl I! U 


]m q3T Tpi^T qpFT n 
qqf T% I 

sqHFFT: 

fj% ^ q q%?; ?iffw II 11 


3f'4F-4TIJjqf5l; q^r^TF'^S^THqUr^TT: i 

q-qq-iqf s’-T^irl qir^ qqti n k ii 


F'fqn^^^rqgjt c’OFJrorr 
fiF5ri%q%q' f^'^qq’; i ■ 

qqqpi ?ffmq 

f^^ qforef ti 11 : 

’ qqqqqH&T=^Rf mT!qTqgqqiRI»l II . ^ ° II 


M «H5mFrfi 51% u 





^17 ?r^FrfcTr%f?rFTT: ii 


ITW r^wTO3T5f:Er?Ts?T?55Tr 


nm^m mi — 

; 'fe50T5rwN?t 

ST^f^ WfTcT' 


. ;: f|s€{^7G^r^5Iirfe^T'JT3TlT]T g# m-J: i 
tl f%^ff fgsq^frs-q'^q wm 'fw mq, n h 
,r;‘,^: mq] i 

4'!?T#^TffT iCt fe%i%f ^r W; n '*'¥ n 


'.'ll — 

R ;!TOt I%f5 M ^5?? 5i=^if^ It )i 

.Vi" ^cV* 

7'* ^ ‘' ''I 

m 3W^q^j!f=^!% it i| 


^ -Tife; ;st0n'iia 'Is noi , fou'nd M 





fg=^qq: wqm TT'^^rmW WffrffoR: I 

?#|?^ if :>'.9 n 

3 T^i|; 3 Tfj: I 

^3T!f%sr^l#frTi f?T i 

'^^\ ii ^c' I! 

' fTf^r i%3T.Jiri3Tsr?iHRft^pTf?r^sr?rff^fmJT 


ng 'Rcg=^??mr^cT i=r^q: i 
^fcTO^ot wV" 5 W 5 rFr#m%^^ ii n 

I 

|= 5 | 5 NFFR F# gjl 5 ^ 5 ^=q^' 11 ^c 

g^??Ifrf?ffS)'JIw 4 TfsjTFR 5 (T Ft %MJ 
RtT 5 fTHFfe: FfFF^I !1 11 

’ FWW fe’t^T: W^?TF«r 5 ^FF: ! 

''Hfw i:ift 3 TWT^i^T!cErT 11 11 


fS 5 *FFF 5 f<Ffri%=?rTlffI^F?^m^TF^FlFTf?TFi; 1 
F=Fq'I%t HFFR !1, !i 


^ M \ _ ^ ^ - .\r 

* 1 ills htanm iufe's lU fhm<}i skviua-Ka. n m M mil is omitted k B, 
^ Jribtoad of the foliou'ing iiva stanms M raa-ds 
if«flf*S^ B:[f5fffo^: ainFrapeats stama J!?o» 70 glyoii^mdar 
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JT^J? ^ ii ii 

3ii'mf^T^: I 

Tf'I^RTT T%2aT^^*ir<fqifff m‘. 

■■.,,■■■■'■■. O . .•'it - ■ 

m ff ^i ^rsfw'f: li ? a 

’?f frrs-T?r*!'f?i2 R>^'?ff55f?t. ii s 4 n 

1%^ 35{^=qf.TO5^*!# ^ ^ H s/'i. ii 

sWIrfff (ft ’T=5sJ^S?TT (woi^lFqiqf IlIT; 1 

ff tifsr I 

. * . - ;- ' , 1' Kuna B'.si'^Ft 






cTfl^?rfL.l 

WfBff mMqFtl! 1! 

3«T*TJT 1 

rfVoTJTof sq^lfTT^ffFT^tTMJI 11 


■^q: W ^roTjmq. 1 
■VW ^ ^SfiJl «=l 11 


JfWT^fT^ 

O -»* 

=q?-FF=5i?i-f^#T Wf^TT?:t?r?|«rr%^f i 

■x '-^ ^ jia| 

ar^fC^T^; I 

iS'finiW ?5- 

II '!5 

ff% mm.. 11 

t ^m-~: ■ . 

iT=eS1!%#Sf%U 

o|c^i%^ 11 : 11 

^ l^outid oxilf .Bf ^ ' . j, _ c 




’l^pR ;i '<(\ s! 

JjaT^iWa-if^ ^^n\ Stf5q*?5[ stqrq% ! 

Si a ^11 

3T5nt^T^> ! 

f% ^Jt?!"^"-^ !1 

HST^rsI '^^RT: tot s 

q-Tw IS a;^'. !i 

J?=s#f ^F3^H=5^ !%?, i! ’^. ® 

Bmm m H^*TRT«pi^!^. 

isr%^7^?THRtl om: ^'t 
; ^ 11 H! ii 

m^mi t 

f%=SR'>^^TW^’3[# sgfgjBffqf^^Sq II H'*' 1! 

1 M wi2f^?rs*Ts^OTf^: 5i’T»=?T 1 

’7#^: il 

nt =!f =^g5?k:.^ ^ ■ -', 'nri% ifTW^5^q. 



T55fr55?^Tc5rTT^fT0Tff i 
fl:f33TT’TTT|?T[SW fl;- 

STt: I 

f%ij! !! 
I%^5gf^T§^ ?r?rTHJi !l ‘ 


?cf: m ’Tisrrrwi^TfTtE^fH: — 

^|jT|5Sf?£r: ! 

5TfJTN^!ffFff ‘^mRT 
^fSTIfT'^rsp ij 11 




w?r ^Tcifr^ q'?f T — 

.. . "" ... ^\ ' .. ■ _ ■■-' ' ■ ■ 

fT^frr=#^g# l%«fTo^Tfm I 

^5tgrf?f ^F??T STIJRTm^ II I! 


> K anrl N wH after Ihm ^ l WIRTimT^^ 1# f|ftfl'iTS|7. 

‘ Xfek, hovi^Ter* hmmB to b& a mi8ts.ke,’- ,; ,, • , - , ; 

® Til ie aa<Hlm fttaiwi following are not fomid in M* , ; '' ';-.r' ' ^ 


•ilwIM 







!%?r7^T^ fT?fR 1% i ! «», <' 

arSM^f^f ft# 

'f ii Ht ii 


ftr3rFST§w5TTOr^'*^?i^5i^f^ !% n ^ « 

f^Sfrftsrq^^PiSTf^n: ^ISWIf^j: II i\ i! 


mra^Tfi: wijW'erwi'tnt i 

I# ^6fH 11 


IST^T^ffl^T W^: ! 

, 'O ': ■ ■ ■ . . ■■■ ■ 

=^yoT^55ft^Tq^TO’=fft: !% ii 


5TfFT ft*ffr'l%-=fSFi?# t5?TfJf5[s»|l-¥‘7?7q[g j 


^ StaiiiKas Has, 6? airid' SB ;ar6 omitted m I\ 

® This at^Ka k';l6und'' In "Iv-aii'd ' B. ' ;’ ;/ - ' • ' 

3 Slan&ii Mm. 63'_a.»d_6'4! ar© foatid in K and B. 
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^rmm •'^^i^roi^ilr^po^if^i-pq^fN iK» n 

’ arg'T-TRrlr jfKif | 

' !5f.W^!: 'T'fi^qfWmlmqmfTi: I1 l! 

W4 II il 

f^-n^Hqir^^TrisT^t h ii 

1!' ii 

stTN^Fi ^ ^i ik^fiTr i 

m^\T- ?i#t*#Mt3TmTt^Tff3jji ^3° ii 

f FT fJT^fq'TI st^TT I 

q[#i^ ’FS^TR^Sf 1TTJT^T?5TI^W»T II il 

3T^I?T!tqfTT FWf ™ 

Cf^FRTRTifTqm: 'F55^C#S^mff Ii I! 

J Tliw sirui7.:i is tiuiitled in M. ■ “ B 

® Tliis ehiTim h not found in M\ , _ ^ 'K aaid 







m^Rrr?RT|rrff?TiT-sfmr5^?r^i ti 
3T^ltw; i 




^?TRti9TW^fff W^T: tsTO: W ^2 


f fTcTflT 15?— 

^?r?in%3forffT ffi: sb^^t; ! 

ii 

^PT^TtW: I 

?T t fm: 3r|%fr ii li 

mm] ^?Ffr ^ij-. i 

^^TH?r?=(FqWW^ ffarff: tE55 |j Vii\3 j| 

Wf^T 1??— • 

FT^, #S?cq: ^^T%f^Tt FFTil vs^ n 

FT?« ?S: I?!?!: # |j vsp n 





rffFcf^f^-fFrg: S»T^5^JTI!fra|TOWiq |i <ro 


ar^T^^T^: I 
TT^TRf % fTT m I 


^RTRR?g?TRRF 

fSfcTT ZmW mi % rF?TFr: ! 

^^1%' iR^sr: ii ii 


5¥^f9T?T ^iRRi m\m ^ f irR? i 
Kminr ^ ii <^3 ii 

R?FHgjjf^^Tf?ri 5F«iroTf % m 1 
f^r'T^RT^RT II <”« H 


fRSRrrgrBfR#^: ^ s^^^sgqmtr^: | 

iff qr R: !i H 

aiqfwqj: I 


^miTqjRMwqT qji qqigiq: 1 

m |f| # 11 


5 StHiij^iiS &3 Jjiid U aie omitted in B. 






iTiTOiTef 




^R^r- fK' 


WfITcfri?r?T^T: q?!S7;iIf!=f: 

: '?)c^f tgi3mfs?Tii?qfq' f I 


3T^Tf^Tfr: 


^FT^Tsq??? -^r ,fRf^5i^i 


wmTO =5)' l\ 
?^'f^TRT ^qfaTm W\ ^wt: ii 
^t^l^^T^I#! ^t qiWiMf f^JTr I%ajil il 


g*’fP??IT¥r?f^¥f1r’?TTI — 

3T{STT^^i^TFT ?R-S:T!fFT 

^5sg: tj^ssfcW^-tlT f|?rTf^T[%F%7r[ f7f^Hr<Jqi; 


inid B add as another reading, 

iBt^w:: 5^r??iTg|fff fHIrsgmrrtfr: i 



I 

% fRf: '■•US^r:F T^Rir m =^5|m: ii n 

tr^^#qf!'^^r^*TfF^?T 5 [!?q%'?^^qf 9 JfI^^ ’? 5 ^ Wf> 
rqwi JT'g 5 Tl?rT«T"^^ ^ — 

^fl^rTHSfsrf I^I m 1 

s’srsjftH Ti^wfw?rgr^TfrR ii li 

I 

«??f rdT 555 Tf 3 ?f?rm 4 ^?:T ! 

HFm?qffTSff.' ^f=f II li 


¥fI 3 TII^--iq«llrr: ^ \\ il 


r-.v . r'- 


■qwj'pjT ^'4 ^imww ttrt: w- I! ii 
lit 5 Trrr 5 i#; i 
sfSTWHTSTHfyrsrw'T^^? — 
gt^TFff fKIOft ^ 5|HT5T5TR^ ^qi?3; I 

3J0r^SaT^TTaT#ffl HPTSTFRTtrM li II 

sq^TIW sw^fl 



'i^RT?551 il :\ <^ \ i 


f5r?r^^0r ^i 


fSRSTHTS^BRt fg:^HNj?Tft^Wi 


^t^T f?rf i 

f%^!5q^:5T fm# Ct? r% P 


wpThfrsijfra^: li ?. 
■^■^NT^ig- !%'?!f rl=?.: ! 




^t{ fq^'isqtfj M^^Tt^TT:^c^55 ‘€^^?r ! 

wm u i 


• :\ :■ ■ i - 

^iCt: ! 

t%H 5^ ^555? !l ?or 11 

o-v-^v ::;':2C:^ 

’!J55?T^^fr trf i 

Sq*5qiTr^cT?|f^T5TmaT# ti u 



'mmmt i 

m 'TWmsfm Tt'?l#fTWq f^ 11 i \ % l! 


,ni ‘Si?!-, v''^;"^^;''';'^ 

Thl^ staaia^ is. F,. 


J B reads J7ti?ffit HffflfSTEt?' 

■ This stanza k not found in 1’. . 


ST^f^T^: 


Tm: frrr%?l 


■o 

^Fjflflsqsjlt $ fgWT: ii \\o 






i%=^^ 2 i¥nT[ 5 (Trjf; f% i[% n \\\ n 

F%F m =?rf^ I 

flsq^frfcT^^ il IW 1! 


m H^IWr’WlJTSTTfTi 

¥rr»ii3^j=«r3iT#i fwf:— 

^fT%q *’fr(iTI5^?J?5TFTfm'T 
’;rroTq|3rf^T^^R^Tp=5^#ffF[’Kf|f, n U? H 










A 


■£L. 


m ii \ a ii 

qf 5t qTSf^|9Tf^T%»T I 

FTE|li:?Tf ff4 ^ fgJ?Tf%fT' II H 


42 rrfeeKHff:.. 

FFlf^^oi^F it /i it 

^T il '. ^. <' li 

i dJJ's nSI^ f^--. ■ ^ 

V3, ■ , , , :,>S'' ■ 

|T^ JfTI f% ffffi !l ii 

FTgt9j5=i^j^rlr%F!%?^ i 

f?rF^55qa r*^ ° H 

=W?:oiW!'^ 

f^ MJTSTiT H rt? !l 

::^:^:i^:::::%^liJ|55[=c5F?F^ 

55S?fTf^Ff^T€FI ^\^^r%^^'^wmw.v I 
^^^J: ^^tFliWHmSfTFl^WJTfOffpr II !! 

ii®iiliSsitft5:':W^S';?i:S3^1 



l?ff % 1! ? 


■sT^imWRmqi^TOgrr: I 

m il ? ^ g 1! 




^ff?^|^>^^t?IJTmMff3?T=tBTIT9Tm«TR|: 1 

’sBqwr i! 11 


R RJTRfritfsrrrrf: 


'm ^5F5— 

f Tfrr^qc^9T!JT'??T?r 1 

' il W 

i>)9 ^- ■ , , ,, 


^q^TRIT^rif S'tiW-- ! 




JiFiRrefrati 




•^IJT’iirnWf 3 ' 1 ’^T^: i 






^<31 3 ^: 

gWWRT^f I 


3Tv3??[t?cn?,-^TT'c’T ^THPrm'? ^ig^RWSfR^ 

iff W If ^ II 


55o«nf^f|q=T’^]JTr i 

mw W5erm^#:fT!W?fiiioii!% !i n/t ii 






4o 

fgfpTf '5fT'-j> ^gfFT ms^it TTWcrpIflrL i! IS 
^tw^qpnsgTR^prFTq^f^wf— 

^^7Ir55'-|5TrW?nfi¥'?|cgf^f^?^^T|5^|; 1| l\<\ \\ 

11% ^T^TN^Tf^M: ! 

W' !\ 

fr% 1 

^Ssi, * *' ' "*^5^ 0 . ' 

3?r^9T 5?|3i|TKq?r5jr^^: !i l\% I! 

3T%Ff ^T^: I 

%tHI ^! W^K^fTR^TFi; m II U'S II 

>?mi?T'3r!m m^-~ 

m ^IpTT%%T W-^ %%t-F3%r ^T^T: II ii 

sq-^T; 

?FfTWf^T%^*T'T%f?r?^TRT^^'?«?CT: I 





?rojrf|;f?H375|TSr J?fr^RJT I 

I. . •■■_> -v , ’•'S , . ■ 

-^wqnTTO in 1! 

[%;Tf II ^ II 

o o 




-^Icff Wm k ]%^5?f3THS i 

■ Q>^ 

^n’TFWfsfrssmfsq’ 


«riJi5ni?r^TW5ric^it?T5;f 


TiTfJTf?r^?^TW Tm ^i^T^riirffr^i i 

^9T!T?rn^HT#f'TJiff ^j'wnm'^'Sfl ii » n 


>49,T#r IT?TT I 

tTITf^T: pm: ^ 11 ^ II 

’■t; 


I! Jnid jr i/mit 'Jiis slanai. 
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wf ^ 3'7Sl?ri7r;^.Rr.^ j 

■sq^i |4 rf^g ^TH^g^^TStTf^ll 
^'fifsi-fT fSTi:'?^ Hgi%^JR?riTfr 1% ^?5i-f?I!3IJJ il 

f5i5;=r]%^^wr'i^’TftJTH ! 

^ff®3aTW*7fHf ?qTf^TT!l5fw^rfi:Tig li <r li 

HP??rf gRsffr^q- #?f; i 

^sqsj^|5T?ii:q 11 ® ij 

«r%^4f ?T lRfTr?F HWTTR; I 

5Tff ?=Tn !i I o I! 

\Q 

PTRRT^^rTS 

il r^ I 

fT?^fi^^pFr?.=f: ii <. 
sn^T^rMi HR ! 

35?tqRTW: ^?55R; ^|lff!j II ? 

SU^qmelt^T^: fr ^fsT^-^ilTFF: ! 

t^srq^fl^sfi g|?f5qf ? 
gi?|5q«iif|3TifT gTOfn: 



M T^^ad^5' 


5^!%^m|3TCR! I 

^?T2f%mf[%3Tf%^qRTWr 5^11% II u li 

qjj]%g:?T?7q|^ srW5T'?iS5g=E5HR?r#?|R I 

gf'i 

^JT^R5li!!?af^f|3TIWf tS K !1 

R5'R5f55[JT?T^I RR?TR^fR?rf?T5??Hqf ) 

sfl'^I^RROTT II K il 
ngfq giERWFS^r 

RS’RR R'?mF SfR^. IR° II 

q|;<tR: S!T?:qRRJTRTRR^fqRmrR: I 
qsgf^RiRRr: ?f# fT^r^r: ii ^ Ul 

»C^rJTWf%^RgfTfTfR|Rf'W55TR I 

II II 

' ^Rr?‘jfR5r4 5T5T%?rmR 

rf^RlRTfS^'l^ fJR cfR: I! 

fSRRTTSi^RCtw; w?5r%m f^g^jRjstw i 

R^r^f^TTR f%I55?TR^^ II II 

I! II 

. . '-ii> ■ . .'.'O ' '. . Ot., 'Cl, ■ , x3 . ^ -O V, , 

qqqjf%qt5R%^ HR^q ^ ^T: \i 'i{ 

' . ■ P\ ' C|,,, ■ ■ ■ ■■ ■ ■ 
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r%sH, ! : 

;; , .o ' ■ ■ o ^ 

:4 &T55% 

f qmr f4555M^4 ^ 5 ^ 4 ! 1 

44 m 

.T^ ft ffJI FfJ'4 5!^;0Tq^ il '•'.<' y 

'f :^ / f]^ ^IWF^fSTfr: il 


•isr:;-' 5TW3TT!f|gf3Tfr: 1 

‘'^THIWTI^ FI^TI &T4^q 3jg?| | 

"^T^tFIF 4'"'i: 5T€]^: fJF-fq: !j IS 

n SFR3I f 

H^'l%I%TFf !1 li 

,-.M%n fT?Tf5(T; ^?OTt WTR.'JTiW'fJ^Tf^T; ! 

fwi T%f^4 g?p ^ ¥ 4 : II H f! 

.,-5«f ?T4J?|9TW: ’?'^WWfe-'5n%WtsiH I 
jisrPi YWl ^m liT^T =^r!TJil fFI !! 3 

? '■ ' m ^nsfir^fsTf ; !i 


:;5j% 1 

m ^ #t!i% ^mm m h 


W'1gfriW?7rJT_ ! 

ff=i^.:gTf^j i^WJRTO.n ii 

q-t rfSfRf I 

u.:K,is g-F=T. B reads r% f l^rCft ETHrOW I 







3T^ ^ 

m ii 3s, li- 
ft ^^iW- II 

■3!sr fT'?|55^I=ff f5fH— -- 

q?7ci5^%'1WFp ^1%: 1 

iT5 FTW 'IB55I%f Wi f ii II 

fS\_ -ittf 

ST^ifST??: ii 

jr3f€i'€f^q 5%'s3T«rTf ^ tefof FilFI I 

,«iv,. ■ , ,,^. 

mm ?:g: !1 hMI 

3fT#rmT ^f5 iri 

fs jp^rsNi: f 

?rH*ift Fit ^ wr ^ II it 

m^=E^=^pmf|FmW,lF9J5WT: I! 

^Tf?irf ?r5!ff F: 1 

gK^T FFFT ^ST: fwm FIFfnit: !1 I 

: • fmt F^ motfT mrit mm 

^!F!t mriit i 
pit F^ miism# mt 
mjFtt Ft| F flTfl: II !i 
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^ '^ir^^iTqRffof^qi^rrw 1 

1! V'9 II 

ST^l'IW: I 

wf^'{ tT=i7f Z2- ^ w 1 

tqsq^f it II 

^ ^ II II 

cf^E^ffRofig^Jt fefT'f ^ 

■ NO ■ 

fw?f?r^5 ^^f5r^iflf55Tr%»Tr: 1 
mc5^55#l ?fmf 'T? f%P?TlfcT 

TC ■R?’IT=T il '^v° II 

ft^str’sfp^iit; II 

5Tm^ 955I5i' | 

-iTfiTf^ II 'M 11 

3T?q7f^ nm . — 



^fii'^T!W55f?f^r^ 3T^?rfc?K'l II ' 


Ig:f5[^F3T^ 3?r: I 

3T#’?^1^,Txq[ m Wl|^e?TW?rg li H'^ 
f^JT55f I 
■=45%Bt[ 1:WT >?qf2,'5'lf %!: !l 


imVI ^T|55r^^!I^’ 

Sfw m I! 
IS 


Sf^T ^IW^JFsrTrrr ^^37— 

rT^70I f cTIri-. 1 

p #q; ?r=s*^| !i li : 

^ yl I -t 1 

%5ww r 

7:n%: T%^iq[ m n 


;4:::';:;'4:r:i',;:^ reads':; ' "■ 

“ After this stanza all the MSS 
simply a pavapliraso of stanza Ko. 57 : — 


ihg':;'B:oanza' 


iilfr"! im n--&f a?# f^ftir n 
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JI omits this as well ?s the following stanza. 


1 .\t omits fTJT. 




?5i50T^-F} ?T^|55W;^qfcj; 

iifjirNr: 




?^sfltsq^q 5^R 1! II 

fPT *rfTO^iriR; !i 


3 f' 4 RINqj|^Tq^^!?f!' — 

ROT ’IfSig-frr’l ll ^ ? !1 
' fRfRrr i 

x|^fgT?T mn^/f fqrqjRRi: |j n 

gr^w^Tf jm! 

m^w<n' ^RT% ! 

w^mm wf 

{%qR gq;q qqpq n n 

'gri%W 5 !q I 

I - 
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7TteTR?rff:. 

^Iwf 11 S, 9 !1 

r'fTlf^^RT^^fsfnt: H 

TFJi??;m^5^T 5^!%^ ^ fi?Tor!H^H?*iTRT I 
CFrMq :3-'|?l^: ! 

3p m. \ 

i%Mf^ 1! li 

qFT^fl^T^t =^5^Jn^sfl I 

?Tf?T%: cr|?| ^1% %f|: ^g: !| 5,^ n 

f f glsfqMf^: 11 

m:: 

gFTiv-srr^g gg i 

ggsg gc?!R IK^ ii 



o 

‘ ^?fT^ ^qq !l va = 


iWKqqmsq ^!7^55^q 5«qiq5F I 
^qR5!55?T^fqf|fTF% fq^FTt ^ 
rqjr|qf q# ^fjsqqfof qq 11 !l 

%s^rT^- 

C\ 

ferqrf^rr: qqi?^ i 

m ^qqi§ ctNft 

qr#lqR q^DRjJi ii ii 


W qfor^w qfiqRiqiq^ 

^sqqfT^: frqm: II 





in 1! 

W It## ^||5q^ffTg^lfRc?7|?r: i 

tTW fTT^Ifl W— 

tT##S^ TfTr'W55T%=5grWf# H’TTorrHq. i 
?=5^^3T#TTT^4' T#^lf II \ II 

1 

T%lMi3fTTm|#r^w| I 

J^flSTrl TfJT|## r# ?F«T^ ti ^ II 
3^fe#T|Tm: #T5n^t ! 

'?i^'T^«ntl'fr%i%5f f# fff 11 5j ii 

3TWa;=^lm Wt #151 T^^TOTFFT i 

mk Pn^ l^flTfif^rTl^l; i 

m ^ 3TTw?5r5# H'?! %tttI i i ^ n 

^?^'#W5FJTf: ?rq^: #r5T^ ^tTW 11 's !i 


B reads 



’iorr osshti: i 




fTfffi% 55^l f% n U ii 

^FrRF{>55TW(JF 55^^ f% !! \ \ |! 

wf T%f^: H'^^i5?r^Ll 

f% 1! w II 

?#: mm ^fc5TI% I 

s5f!T^ f% fr^iJ«Tq II u ii 

?TT%5^gT5rsf^sr?rJTHr i 
II v^ II 

SfoS'q-Rf I 

<. >3 <*> 

II ^^11 

^ cro|c5^Tor^- 

JTr’^^2 i 


1 M and B read ^45E|T: * '■ B reada 

* B and K read tli© following for tkis stanza ; ,. 

'fat =#5r«i^r% frrtm*r i, ■ ' '. '’■■ 
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srm i% ^fiTS^R^ !l ?« il 
fT% 11 

swt^T%% 5fmi^?fft^: 1 

T%^FO q-q^q5fT% 1 

5qi#?r =5f 


f^qFcr ^tft 



K !1 


fl% I! 


5q;^'T^Mqj I 

fl:1^5WT^t ^crq[?fTf% 

5?TWiqTO^ i 

sr^i: qj^rq cf!%?TrF 1! ww 

q^rsfi i 

r. TOrsff: \\ ^^ \\ 
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%n%^i%f^frtT: ^#1 !1 II 
I 

?r14% ff5Tf%H^|jrJT i 

^isa-^rarifRf^ ii \2 ii 

m ?rslr{ f%7^3TPTR'TR^t fTT 1 
fTf^I^«T?TgTO ?Trrrf8c^ 1 1 \\ 

fT'Tr^l’T P'%^^1 

55^ ?rHf^ il \\ n 

frft i 

srwT^rnt 

ijl %jnf?iTft ii ’^'s 

«rw555?T® HW55 II R<' II 


witfraiw«n%i 
i: .m |=s# 

m i?r sri^if^ »T.oi^l^fT ^ l[|#::=7’!ji i! 

?T% #1^|TfT: li 

i^^fi ^m\\ 

jTon^^i ^mm 11 ti 

. ■ '3Tt[|55RiM ■ 

|WT €k^5;qvf| j 

^#=^5^^!: I%5RfT ii ^ 8 1! 

TllWi I 

f%q; !! ?H !1 


^ t* reads as variations the following : 



fe5=?iT^.^’7^f^4SiT?t*i5wr *7^3r i 

Rill' 

B giTes only the 'latter of th«e . stanzas with the follorfing variation in the 

lliiRli^iiWili#pi^illliiR^ 




TfrfTFf! 55snt 1 

mr- fr^it ^ n H ii 


^¥f3TT¥R: | 

¥f% JTf |j II 

wif^ R%qi:i%55q55¥Rs??frf^JTT5|iTi‘^ i 

5fR|W{f^ II K II 


5Tfqra?m^g5?fqRf5n-^: i 

fiRr^T|r% t 

SPR ?Tom5rof|: 5iJq?T 11 ^11 
wtirf^5^cn fwfwf jRTW?rrR m^\ 
ww^fR:iwr ^11 «o II 

W?^^5tfi?{5|^t5?p?f%||%if^ ^T cTfR: 1 

ft ftftcTFqi ^ Jl'JnJS^lf ? 11 8 
^t?3^tifss|*rrR I 

’snroiaff^qf^lE’TV f #f ^11 8 R Ii 

fft M ^ 


K, M and B rem 


B addi ^ at ili© «ad. 


t1^ 1 

w ^tiM I 

#?T?f: f% Prg;^ I! ’^\ il- 

# HFHit Trf%5?n5^ "I 


■■ ,^ Til# f -illowin-g stanxa is foaad in. fC aad B ia additioo to. stania' Jf o, 4t. 

w^ ^ ?3rT^T?fTtwr# 1 
fOTfsrJrrfTfT; %?5fi=Efn 
w^szirw: % ar? ?iir u 


WfcTt ^^W«qFRpR[ 
?flfm^7H. i^WWi II \ 11 

p: ^k HOTFR wp^ ’q^3?M^^g^^G?jpT: j ffgsjy. 

fT^jpiWF^ mq?Tf,sBJTW?tfriW f 

f^f%giW?55?T^T'rr ^p5S«r?TT TR^fi: ! 

JTTfJimf^gT^^^r: II I I! 

glf^Tfrf=5IfTRTd^ frpFTOW T% I 

^r Hr f Wf^Dfpl II ^ II 






^silWTBT 




m IR: 


r 


WI JCIorr: ! 

JTfFrg:^?T 555«rT ^ 5 n « ii 

?fTt^^sT#r ?n'i^w?r mw. \ 

»TI?T?^T%?r ^S'Cf €fe: i! <; 

fTTS^T^m# WT i 

FTHH iTTFfi^ #? n \ ii 




5p ^<ic5;T 

^?T ^T^sw ’W®?r JfOT# Wlt=5!?r f?F|?i- !l \ o 11 


W iTTWK#FmTHT ^ I 

f fk fk m ^ wrii \ \ 11 

?fT'l*?m?r m ^ t 

fk 11 W 1! 

Jf??! | 

w^ik^r w?n ^ ^ ?pif?r |j ^ ^ I 


':*H.'; A'. 


fFrf: I 

tW ^ 3 «rT: sr^: a \8 11 
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555'sn l%w?F ^q?T ?r^ in n 

f|5?f^^S^TFfHF?s[ WTTfT: ?T?PTWm%: I 

w,m in^ ii 

\% wtfiv- w!=?s’T I 

. % '''■-' 

?T#crT^^T^Tfi ^55: n ^^^ 11 

■■ A. 

^=sgrT^I^^ H ^<^11 

ar^rtw- I 

gffciTFq#! 5103IFT: liSTlt W: I 

f%q5EH: wr^W-T !i K II 

# JTiDTrrfl^Hss^ ^ m « ii 
fit mm- ii 


II 

ffT: 'TT ^^«rF 5 ?tt??TT^<‘ I 

^ ^T55?WT >lTiIfT7W¥li 

555i ?3^?T nm iriV:-^ 

' Both M and B have the wroneoug reading, ^ W 

'Brf% ''■' ■ .■,.,' >■' 7 . ' ''^' 


m» 





JJfTn 5Jj5^T^Ft?rRf^I®T'951 — 
f5^M55'i;ci5?T t^! 

fr'pJT^^q I%W 55®^ ’J® f^STT^lRTcl. !! W I! 
3TtTf^: I 

?ritTl;^aR>4T^ m^ijw ^^m^ t 
^ T% ^ wffi wk^Tci; II \ 2 \\ 


^ m ?TcT: ^^T l 

^mm ^ ^ lit: !1 tH ti 

st^tI^: I 

^iT%n ^Tf%t^ «r^i%: \ 

^55: WS- II H 

8T^T^?TH5En: HT^rkr ^q|f%W ^1551 I 
WfITWTRrW ^^Ic^l^gflil II ^va ii 

5?Tl^7rfi^i ?ttbt ?Tf^^ 1 

■0«|^ ," , .'. o, ■ ■ • . , , 

^ ’sr?#?n%«T ft II 11 





- - 

I 

mm is ^ 

^^ q^^l: q?r[^ f% 1! ^o || 

T5f1WFa[#l: T% W ^ ! 

5TmfS¥R??rife ^5it: i| ii W w 

=^^Tf^??T ^fs|^TT5^«r il 

^S. ■ 

w?rg#^T^s H# I WWW 

I 

SK^T 15 fsr^TflS II ^8 II 

w^Fi;5 ^?ri,ii ii 

«T^^T^: 1 

^ fTFf: 1 

#> % II It 

^ I’lii* wroiig fottn is tlse reading foBndi.ln ibt3ISS.j and tho ooyfwct foyjn ^ 
BOt S¥fcli»f/ tbe mig&^CWpfih0‘m0^&, ':' = : ^- ... '■ '., ;;; 
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JTteTOff: 



=^f|^T|f^g: I! A « 1 ! 

I 

= 5 frgTT%fll'%^ 1 \ra^TT%W^T? 5 r 7^^ \ 

to: !1 K II 

^55m^‘^RTTRTqi I 

T%^r?^t 53#fl ^T^fiTiff W% II ^^ !! 

i 

?^^«r5^WD5TTW!: 1 
»5[^fr?rT?ft ^s«rRiT^T^^R ?tw«n ii »® ii 

^ ?n«ifT! TOF ^ T%m I 

m\% ’TJ ^ ^mi f^wi ii » ^ 

^p)T 55 RWt«?FTRR 5 r¥ — 

■N3 . ■ A. ' ■ 

JOT^fnTRJTi: W? II II 

II 8\ il 

3^=5^TiT^T5p ^ mt=5^mR ?fe 

' Tbe MSS. read ffHich doe« not «eem to b# oorjreot. 


ar^l'^T^: I 

j!fj?r=f5^^7fT^q- 5RS^fe: 5T^Jrtj« cT^i; I 

mm 5^ nw ij 8H ! 

OT%5T^^IT?Ti: 5?;Tg?T%: ! 

W^jtJTT5TT«n^I # !i g< !| 

frw 1 

^55^^noi # f|5TFrT??ra[ {l 8 'a II 

ar^'ttw-' I 

WS'iflr^ ^ I 

^ it to: 1% II g^* II 

T%?ri^%^T^ft5^?rr: ^ 5 ; 1 

mprm 11 8^ 11 

^wwT^jiq! m%^5r% wsr: 1 

?rT^^ f%’PIT==Jp €lt u II 
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5 ^Tfi W ’¥ 55 Fm’^ 11 ^'® 

«1^^: 1 

ft =^ WI^TI 

ftrei^ssT^w mm, i 


■' i This mime rule is somewliai defeoftiTely stated a^ain witk a modifiwtioii 


w|?[<Rr[*rTK ^ 




?THI 5 RR JT^cT!%^ 1 

1! *aV11 


55$^ 11 HK II 

^^fSTT ?T^mS#T 1 

^ w ^ n *> 


m m HgTB«(Tiw^^ i 

55p(T}s^lf^: T^^c5 II 11 


5 f^gf^gri^: 11 II 

wi it g;55w ^ wm¥q[ i 

i%w ?r?57 w. mw- ii ii 

\^^^ ^ !?F^ II io It 

3TFlt?r^: i 

fi^F|=^5^^ =fp5?Rt I 

WTFg^F jpiH II II 

T>WfT'^^FHr%Fi;fmF'J^w|tqT5^F I 

. S .■ ■ o . 

F^5?rfr?rprfTff^iT F^iigtHf ii n 

fl3PB^fS5^ J^R-7?rg;^fl~ 

^?sr R|R7vRF cm%?t i 

R3TR2Ffs^>'§:^r ff g?5f{ II h 

I 

RFf ir ^RT ! 

RFR|%r%?f I Rg^: 1% ^#^55g II f » II-; 
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#qT goiffR: ^<i55fJTirtg^OTT?Fl^n^ 11 n 

T^^rg^^Tt: 5fq[JTrfTSgf^f^^^T?!3 I 

f%R'Wf|^ l[%I%fg[ tTJTTF ’7^1^#: 1! 11 

[%^^§!g^WgTI JTgTTl?^ =^g^?T?^n 5 r ! 

?T?:^TfR ii ii 

^ R^f !l ii 

O >0 

Rwm% wmM II 's° !i 

=^^p 5 RR%^ 55 m?r? 7 gg— 

^1 7 ?^ ^^WIfcF^ 55 ?J^rf^I 55 : !1 's? H 

I 

%qiJ^ ^sr^^T ^%: ’R^^^TcFW^'ir I 

RfrlgwR^ira; R^iffR^r fTRit- ii 'sR n 

mm ^Km n 


5 [If^; is the reading found in the BfSS. j |||j^ i» adopted at Wng mom 
saiwlifetfcoty grammatically, . - ' 
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m m jfirWi wt i i 

#?rfW ^W^T^srqpTOT |i 

nm'^1% ii ii 

qRqM ^ i%ofi:q qqi^q^ew ii v*< li 

qq oJSffqs: 1 

ejjf 55 ?rqTwqf%?ffqi^^T^q || 

€fefTff!#q fm W^Tf ffl:: I I 

arqft'^Tq?: \ 

5^1 =q 5 wqTf 1 

qTtTi: m q'jflqq: W%^r3f: qj: II il 

fq^rqrsqq^F ^T^fqqR II 


-It ■ 

f ■^K w^^^sqqf K 5TiTqq?ffrq»FTqf^q sqifj?r- 
: I 

#qcfjq5-^wfq( ?Tqifft=5i?5Ti^Tfrqfqiq?T.*’ \ 
#q^^<q?FF; ftfcfqfH'srq; ii ii 

fl:3'qqT%% Imi i 

ff qoiqjiwig k sTrqfg: li » 



JTtenWff: 

twm\ ^ Wf^T: if II 

3TI?I^ =^T^5nR ^=51?!^Si^5^-? RJTI^^Sqii ! 

=qg5TT li II 

=^3W TOfaj f^TSTrak ! 
g|^9j;fq ^?rqrrq 5q^i gFfi^q !! <"^4 i! 

’qs?T^5#n’ mm li II 

fpnr sTHi^’T ii n 

¥( fl:i%^|:^'^’TfMt: ii <'%} 11 

VO ; . ' ' ■ 

^rR fJTJFTiT qtm 

rl^sq 5^^q5i- ff fqfrl !! xT'sJ !| 

'iwig, 

3Wm#TTI%^cT: '?i55 !! y 

3^??^ 

^TOifTi: ’^orm: m\% 3^^=5i«r: i 

; p'??55 Fftf l#rWTI^W II j| ^ 
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gf¥€rt ftm: 5?H^: ! 

'¥w!Ff simply il ^ o j II 

\ 

#fcqTrL 1%'^! W5*jr ^t?T^ i 

mn ^ w^iTHim%: w n ii 

RfRi^^F ^PcTi: ^5?^T: il II 

iFff^5r«iqEr5 i 

O ■ w 

^ ii il 

ha f ftfoRq^Tf cffr-sfji^rfwfff^^i t 

^WJTrf ii li 

FT^SN TWi: ^1%§[JTT 11 %%l Ii 

\ 

m%Tt?fFrf # j?TT ^ I 
^mtttcTT W- % W ?TT%J^ WT Wq i! 11 

RTJ#TsR^^qR[ fRRF^q?f^: I'frrLl 
^cfsq t%T fFT^ II li 
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msi lit I! 

sfqsff^eq^goil: ^qffai i 

qfRTct^I !i \^ °\ If 

HqJTR'T^TtjOTI-Srj^oiItT^ltf i 

!i ^ ° li 

?rqHr?nqT^q?rc?c^TOff^5Tq^?T^s{“- 

?^Irl ^l%^ts?97R5ixR w FfrC I 
3=qsRqq wqR^ II il 

H^Ff r|^J= 5^55 forf qtq =^Rf|: I 

R^l^T ^ M'^Rr ^Rf: i! jj 

R ^ qq: qi^WT; I 
=^ fRi fT^*. q^ifff^rqqqr rri; h ^ K 
qfqii^q; l^r frqqq^Tffqr q|q q^qjq: l 

q'q^ tm ^qsqq f% q ^rf^r Ji^R ii \ o n 
Hqqq^T^qi q^R2?rfqqf% qq CrRT; I 
qRT7^RI^I ^qs^qq f% q qfq^ qiqq 11 ! » Ii 

qRT^RqRRl WJHqqiqfqqqqqq — 

■ ■ ■ «K ^ 

g^R-SqqqFfqiE^^Ri Tqq?qq;q|f^ Hpqq | 
^f^q^RmqqqTmg; in a 





sEfWT 1%^^ =sr ?r?TW^T! 5rTcTr: II !°4 !l 
|?fTN 3T?FIT^ 1%^ frm ?W«FTmq-f 

mg;qrS?^?ipq5T: i 

' X' 

1 

art ^ =F ! 

Rgfp4 FfN^f^lwJTFIWPi: I! ? ? o^ !1 

ar^^iFf ^Forfp ^ ^^TFTg i 

W W . ■ ■ ,\,. . . 

cTfl^q; II ?U^ li 
I 

^f^=5f i5fi?3^F«r55?t T^Ff ?FFr?TT?T t 
F3ff =f^F mm f fprf^ I! U II 

UlS'WFfMF# TWJOT ^ ^ F^OTfLI 

fT§^ ^ ?3: II u ll 

Tim=f5^^IF3^I' F^ltFOTlFirT^W!^ 1 

^fFF^TF^q f piR il II 

^ WTW: 11 

Tli$ foilow'itis' BtmiTi, is addei in M after star^za H'o. liO^-, but It is nol loxiad 

B:- ;. ■'■" , ■■■"’.. '■": 

iT^PfqT^jrrJTT 'fs'T^at5[^r^r^: i^i ■ 

,?rJT«r*n' STF^T: ll,!' ,,- - . ; ^ 





fcf: o?7TF?MW* ^ 1§T^K 

^^FrfoTcf:^?Fr?|^5q. — 

T%mT W??T ^IRT sr’qH'R^rf%raip-^F^^=« 
fqic^fffc^i-gqcffS'ir in%50Trr55TMS5[!%# siq-jlrii i 
T%tm«r: WT^F5Tr^^^f^^pf!5fw^T5rf^ fit 

%r^T wmF^^'?J55iTfw^I5TTW I! ^ \ H 

^[’=JT|fT5^^T%T^IR^5:f55RTRf^^F5qmR^ 

Rf«Tf: ■^^IFfT ^RTFT F Rf^ST: ^mV il ! t ^r II 

Tn%T%RfiF: g?^St'f505Hi 

^%cq ^ 1 

qqT’JffLii il 
miX RRfel ^n%*!Rf 

RF^R%%RmFrT#- 

Wcrrq; II ^ ^ 

IF';;:':';:' \\:v^ ■ : 

f# f ! 



\ \%l ii 

^ST^?THf%3Trg7f'T?q'^^5TT3J^'T # 1 

fTHfsjra^ fw f^q; ii \Rol 

2^Tn srf^fpr I 

C# m|T^: 

*t W^TTRTf \\ \ \ it 

3TW ^qm?wcfr*narf{H^^ »Tf%fTfr !i i ii 

^^ilt F^#w: #r TTr9T% # r%n! il 

--«* vJ 

=^tR Tmil^ ^ r% II II 

f%5F !^IST%MiTt r%^IFirr: 1 

W^m TIRTTF Ii II 

5P7: I 

!%rJT: ^n%: ^«FTffTT Ii \Ril Ii 

' ■■ ■ .. ■ .■■■■■■,. ■ !■■ -", , 

1^! 3rTflj55Rf 'TT^ TITOfIsr TRft 

^ sqjf! pft fiw F^F^if^Tprf r%*TTK[.' i 

?T?rHt =f fTftgJW^T: m I fTH^PTr 

^«Fr ?Tf¥sT 7!T%5rJ|Fr5 Ii H's^ 

sS5 ^ 



m ftT^T: !l | \4\ H 

ww fig^i ^MfRg 
>- ftPT^f^«r i 

^Ic^K ^ WWg !i 
®r5ft^3Ti?rjpf?rq?rf^g— 

gsf- I 

gr^TfW: i 
«TTFTff^5mH'ii55Ti^ gm 
mW^TRFT ! 

3#S5Tg^ =^ m\ 3rsr?qi- 

II II 

%it 

’ttV I 

^TWmR srq^SgqF 
m fl^ ^ gcfiq% m ii \ \\\ ii 

3%gq ^im ^M*iFrTg I 
=^gmrf^cfT^FP-TT^ 

JTcr^fF mj^: II n it 
fft FTFRiJr^'T^T: RJRH: li 

. Tha MS8. gire 'TT^, which does not geem to ha correct here. B read* %1T!C, 



; si 

fW: 3Cfrfqf;^|{|; \ ^^fSTfU^r^fq 

ill ??I^q!JT^?rp57^fn 

T%# ^TTOflS^ ?T3Tt^: \\- \\^) il 

t 

Clf^T; ■<^ fir f^TTFwIf i 

ft^r fTgoT#r ' Wf ?Tf«f?T II 
II 

^VS^=si^}^^: W?|ff#'[!c5 <2?I-^«??r-qpq¥fTK ^ 

sqfwfjfT 5«qq?r3WR«rrfq^r3TW fii 
f^I 5 mSIRTqqqF%T5ri^l fTTqm^ II IF 

I 

^rFlTTr^^FH^EFF 5?f ^ q>qqT?RS]^w i 
%^Trrg:qqTP #T 3Tqf q II \ \ || 

W%^Tq; fFTF^T I 

g:rfq^^Ri ^ spf ?fi-s5nr% ^ qqorfqr: ii 

3?:^F^^F'Fsjqi%5T'q?rrqqRF|qf— 

^qsqqfT^m^sF*=q'i55flT^Rqqqtq i 

3qsiqf5?qr R*?^(Tf[ ji ; 



I 

fTmf ?THm^TW 3?r: II \^ol jj 

?THHf 1?rf ^I^f^rf pPfJTfsj, I 

^Fi ^^: !! \^\i II 

^ ^ ^fT2| *TT51W^W^r: 1 

ar^T^FUT^ F ^ f-?^^ ’J^T^il !! 

q|TmTT%«r?T?^qpT^mF 5 ^r- 

J^T^rTRrffqfffg: |i \ 2 \f II 

, X 

3 T«T R^n% i 

^^m^ fijrTFfsr !l \ IJ II 

fTRfor ^ 3 ?FrR^^Tr%F?ftq^^ i 

m f% 1Jc5 ^*ts^: || \2<\} I! 

\ 

RSF^RFf^cTTi^qm^fH^r? — 

3:31 ^Er-qr'Toq f?iF; 11 ii 

m RTRfrw i 

f?TT: =^1%: 'R[^f^Kr WTTfTTE^J 1! ? |! 

'"’ : v: " : :s; : 
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?TW ^j?ig; i 

ra: i 

RfTT!: WT^fl^.H ?8^ !l ; \ 

T%fH: m\ §Pffq55jpT MW T%W55TWIP^ I 

^?4 fmwqmwwmwm !i {<\o ^ 
fw^RS*?^T?H^?58qTarr?rqw^^w— 

Us; ^WRgJof: i; t^ t i! 

ar^lt^T^: I 

TWFf; 7!?:mT: W WTWf^RW RRRT: I 

^g-T«l f ^T?mm I 

^m: f% #74 II 11 ^ ^ 

C\ ^ 

qqf FDqsM'KTIF^- 
W4" rrpqMi Wf JR: I 

■ #S' ■ ■ '■ ■, 

RWFI %Ff wmp-M H II 

3TR[|^Tg?; 1 

37R3^ R-?R^Rml^Rr^i;C /;s'l-: ; 

R^5# =R37:3tw Roir; ii. ii • 



3f| WS'S II II 

■srfe^iHife^Rq'^i^qRqW^q'ifq ^ 5: 1 

1 

^fqTqgTWH ^fFcT ||^f: ! 

: -qlsT^rHHmffq: % 5 ^ 1 : # ^q-qRF: ii II 

frq'SR tW^«IT|i?5Tqfpt 2 f^JTcf? il S| 

arfoR^ =q^K: ^ffflq5'%q- ^T^WI: I 

n q^rtafft qfw^l^: ii \%o h 

NT^2^ lUq^TffKm ?rcT; 1 

T%W^ 2 R^Tf%q[ ^qqTfqf q- >\ \^\ i 

?T^ffTfenqFM frqSf^ 1 

grg: f% |i| ^ II I? ^ Ii 

«T7q>S?qftSCfr?TfqT ^TqqqTq^qrFTWq — 

■ 3^Wq[^5T jot ^oq T^oq^q: | 

^ f|fq| qo%qJ5;.ii {% \ Is 
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I 

H?]?? ^J?T: 11 H 

%¥ 3 J ^T JTTHFm' fs^FT^^ I 

it ?r^ ii \i.Mi 

^§#lS??IFqt fWfJTcft g w??: I 

f%rwi arqr; ji \ ^ ^ u 

f^^ffw q?*?:-- 5 Sf^ ! 

55I^r: !! j] 


1 


t^I%: gfwf^ Rg5!0Tlig =g wi%: ! 
m w^pqiq; gfoT^ i? V^<' II 

fm ^Tg>55f??g?IT: ?TfrTH; I! 


Hg%^grTT: 11 


f^; W w^trfjTFig^FFfStg^R ®^-!f^?’gFr.- I fTJf^wg- 

gr^Tgr^rq^gsT? I 

ifrgi^prmw >s w- u n 
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^ i: 'q^^rf^w i! I's© n 

m ^5lw^aTTT%3W^^^[^I#F ! 

w^m i% 5 t j 

'CTcrq^^^rg'^ijr qf#^ ^ f% ii I! 

f^^qFWS'^OTkqq?T^f; — 

Waffq^OF 

^^ i%3ri#rqiTrf^OT qq^^qq^jl 

1 

ft^TI%qWT^ ^ofr 1 

qfT^T%T m. ^ it RW ¥r^?Ri|Ri ii \'^\l ii 

=q5!5TTq?^T^oft: =q T% |q i! ! v35j^- || 

sTfricraoFkqqRqq— 

^fffrf qoffl^l^OT II jj 

aifrifT^^ RRTfq RRq; — 

^TtB ^of |stt: hT|: I! l| 

I Here ^ is substituted for and for llffj^:, as thereby 

the reading will be belter grammatically. 
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=f I 

STfm^offrf^ lf| i! II 

^qfF fm €0Tn% I 

^icw^Tfmr^sf^ m 11 \ 11 

II Ko I! 

I 

ftT%=W5:^''WFrfT^I%: 1 

sTfrir srif fr^ n \ < \ ii 

C\ 

wm: fpfjsn m m'^ 11 ^ II 

fWTfWfrFcTt %3[ CHeiffrm =^ I 

g'F ir fSiTnW^ 'i755’i:il Kl II 

9j^gafo| W5, 1 

^T |«Pf ft I! l<'1? II 

STSicfg^cpjf^ftfWq-T STFB^rr^ H K*^ II 

• The reading in the MSS is fTrSjT?!, which is obvipuriy erroneoas. 







fiB' i 

^ ft 5^'?v559ji K'3!i 

q'c| ^ fn^' ^ 1 ^ 5 , i 

Iw^T %i;’fi frr^W€fT^*^t Ii {<'<'11 

i:qq'g^'Trf?r5i?r^^g^- 

H^?i Ctw ^irrm?!^ 1 

^'. II il 

srtitw: ! 

SK^r^^^TFfT ^0]f?rt W?fT^% 5Tm? l 

gqftr f^o ti 
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'3T#TfW: I 

Im: W0T5P>^fTT; I 

: 53'^aT55!SFr ij {%\n 

=^^?5ffTf w#4^q I 

w G. 

?rqf!w#r=t n n 

3T'cnW?ig?rqq |rffTO^^?T ’qj.^’yq-g- | 

5Tqq^t^pfqqi =^ lI?fqJT i| > |i 

sq^rq fTl9j55f^fg »Tf'?r%i; ! 

qT?r^ T% f ?ir?[ |«?f ^ ^ ! 

3Tf=f?f 9jf3 f| ?7T? II ? ^ 11 

j%pRqwafg^|Frr4?rf - 

jHq20T^‘:^l^f^g?Mofg5rF?rt J^T: ^^^TFgg^l 

gjJT^ j|i ? ^vs I II 

3T^*t|^T^:| 

fTFI# T%>g?T 553T^ ) 

g;T^^T-?^TqofFgf 5 ^11 \ %<r l\i 

^Sr^HFr^Fis^^fH f 3:^?fT graf^ |. 

JIFfr-irFrFq ftT%^7^|'T^§^0T^rg II \ " !1 

I . 

T%'^rg?7 srf I^ct; i 

^•■af-A 



!i \ o ^ j! 

O Q\ '.. 

^cffr^of€i^p3iarqf%fs^?Tfr^%^ ! 

O C O 

mik 555^ #4 5|S'q:5Tf%<ffSf^ \ o ^ i! 



II ^ O V !i 

'Hc5t4t 

q«Tl5EfT^T:|i \o2\\ 

55pff 

^f4 T% ?«rrftm?T^fOT ^ wm ii =i° ii 

^trfqF?TfH|^4 17^1% IRo^ II 

^5t: 4?T^^4^^73[<n^#T5nirg^^*T!|fif i 
T%^§:’q^*I>7FrT^ I%I%J?4 f ff f H • :( o ^i| 

. \Z> ■ t\ 

g%?r fg^f ^ 5 T% g^lll ^°<:ii 

f WM?T^ ^ 

m gi^ mm ^ \\\°% 1 1 
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. G ■ ■ 

^ fTF^ 9^ ^!1 ^^o|! 

5l%^|¥qf I 

?ft WfTO^ fT^T T%f%?f5ff^#[ 5;?^T W'iU il 
Wr^'T?%WF?TRir 

5?5t F?ri1%PT^ \ \ II 

v.m ^%#r m: !t?ft: i 
3T# srif rg; mm 3TT#Hf n ^ u ii 

f%*rfJT*Tm«TT i 

tflw SFf#5IS^T3--qT^|| ’v II 

3-«f?ff: g^ffR ^i|f ?Tf^fq 3TM?TITf^fr i 
^t^FTcrfaj^ qfl ^ST% ^^cTTFr^T il 
m fTFTH: II 


f^^ffr^R;! 

m' i%N=rf#T^ 5^5?T^w; I 

?irqT^^^q. — : 

3^?: i ; 

3!5Wf ^?Tn% F=fw^f wwK Ji r 

gjiif^T^sri: f| wr??r«r i 



u 


I 

^rmc^pisf ^i%3w^?r «iTT'%3 li K II 

3T^*t^^T^: ! 

%m\ ^«T^Tf ^Ti ITOI^ WW^ i! 

^ Ml ^g;i! ^^®ii 

?rt ^T'oTtT^fW Si I! 
55I^kl%^T^T: W'T^ff: 'F^Ii% ! 

^?r m^i ^?4 w \^\ n 

I 

mk %i%g;T^5r^?T: m \^m ^ i 

srqq^ fs gmi 3T# li li 

^fTFf^^cTT^?? I 

3^frTfR^g[ =^TR^f!l: ^jnH?i;ii n 

fFIsni^H^TO^ iJI 5T^: I 

qiTOIsqi^^^ ?T# ??Tt f^5rHM l{ il 

M cq^^T qRq^c5?rqRi^: I 
cT?|^^[q q*qT%#‘ JFrToqqTflrq j| i-l 

^ M and B add cf here 5 metrically it is faulty. 



m 


1 

WrT% STlW^Ttl^T qjST^iTm 1 

^irri=fT'4f2;^i?l wlsw t% "kw li a 

'“^ ^ '^'^f ^ ^ .1 'V * yj ! { I 

ii ^'t<r ii 

j 

’?JTmT% ^MT ?rT: I 

H^ir~ : 

frra’^cRTf ^2 5ii2fr7f^F^^5 jfFfj i 
5qr?Tt?rT5^3 !i II 

%f%5?T ^?7T% 5W fi^w-T i 

??fTf1?riTfwf mT?Tfw =^ fre^Tfni n ii 

^mi[q Rfxfl IIJW: ^t^T?lT^Ef-?irF^ i 
ft: ^TwWr^ffT: il II 

r^v, "s. ■ 

l^gorr i 

q>i| 2;i(T|t%) ^T S%?T i| 

2«T^ gff ^ f ^cfJTffi; ^siFfTf ^T: : 1 1 'i ^ 8 il 

m: 2«?^ i5«TT'=5T 1 

^jorsTT*. ii '^\^\\ 
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jrf&IrTfTFHffl 


JIFf fWmf ^1^: 1 

MOT^^St 11 ^ ^ 

Mi> -W 

F[3fjoflSf ^W.\ r%’! II 

5^^?r5^g?2q^f^R«rn%ff^TfR5*7rqR: i 

%55^ %%^‘- ! 

II II 

Wf R^oir R^or R I 

Rorg? R 'A ^ffsr fR*R R Rf55^^ || \ 11 

?^%sSorRF5^^RR5r*T— 

^goTRFW: tst^TT: ^^RR^Rf^f ^tR!: I 
l%^3Rf6f fRRcTF IR8^ II 
R^^TR; I 

qflr R^^R-qt %f5# wt^: I 

R^RCq tl^R'ilRISf RfRRIR i! R5?=? !i 

fRR^ f% R 'TTfS^R 11 II 

|e:;;::;::;;:w^#^^ w|#RR:i 

RT!R^ II I 
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^CTIf frm?r: I 

ITgJon^f 3Tf%5?T|T^ It |j 

mw-7'i^'Fm ^ t^57JrF?i: r 

•a ' 

%55^ w ^![rrcf'7# FFT^it ii 11 

■K 

iffif =f5f«fi-& If m I 

II ’v5l^' li 

r%m^i%: fr^i?j: \ 

?5^sff^9iTf ^ II II 

3Tif ^f^cTWfTffcww =f r%3or: i 

sr^ll 5||cqTf FTTH^i^ ^ 

3rT=f^f j|or^ ^fisi f^fiTctw?rfc5g?c ii ^'^or 11 

?TT^?r^%^¥?TOT^f^cTJIrn^T«I=Tf?T ^T^q. — 

>rT%p^tfqn^ ^t5»g<qqf% 1: ^1^ i 

fffqm^ 5fi?qT %w3<q#fw ii 11 

?TS?T5^ ^T t^sqorriqsjoigfqr 1 

CTFrfqi 'mFi m%q 1 1 11 

l^tfwTTr: qr^^Tf^ciqf qn%?t 1 

IlfH R^ffFi 5iT qi4 I) II 

^ M and B ^3* ? and it is obViomsIy inappropriat©* ''■ '■; 



{Igot Hqi? !1 !l 

^3> i 

gjTOT m;^jm h ii 

^n%t ^ mw- \ 

o o 

^ tMi 4 WI%oi: !i 

^f^FTcft qi=^qr^?ig; ii \^^)^ \\ 

^ f^r?f^«?rriR W Ii ^ il 

3Ffq^qRPf?7pq«r^ qfqy wqqqr^rqqFPTft— 
qi3g;i5T^ ^ ^ ^nqqar: | 

^qjoit qorqjiT; ^S^q: qTToiqqr^iq; il |J 

^^TWq»: I - 

t^qfcqsn^q# qiqwqi ^%qfqqq?I%HIt 1 

q^sqqqqqiq qsqqjq !1 ^ ^ 11 

?r I qeqqr wq^qqiq q=5^'q j 
MqrqqrT: ^^qqi |f| qorqr ii \i\l^ n 
l^lrqsn^ q^ ^#mqTqq | 

^q eqf^: T% 5 f^qq^JLU ii 



^\ , o 

OTl%^r: ^ ik t'if lit f^TO^LIi 1! 

^^igsTf-f fRitilT: 1% ^ j I1 

^|5^I3TtR i 

?TP-TM ^%?FfTTWR !i I! 

W' ■ . . V 

®rtifST^: I 

^TWFiF??: ! 

fT^I ?!F%ffi; ^g: !% W!^FT%tt !1 

FT^F '7C^WF: MFtTT: I%qf^iW<??rfl 


5rqTq3T??s?T^fqTJm?r§rqitr“ 

fqF:q>-qk%: gJTOW: 1 

3T7q>q=s§^f^T^qT§rcfT q3^T^?r^*T^T: II II 


ft WT ^ ^ ^ ^ I 

^ #^9? i! 1! 

'5Tf?[^5^¥fq^j|-{^^T^ e^iyr; i 

fff ^ 3TOl^g^I%55^ !: i! 

TTT%So5^=5i^1^^T%5TPT?T5fL-~ 
f^«TIfl%^?ff?^l ^f: WJT I 

C.\ X 

frpt 551%%^^ TT%: 5^?7ig:ii 

I 

1 %’TR *fTH Tiftri^cfr ^si^r: i 

W^TIwf^rT]%^T II li 

mm ^ ! 

^qT%mi^?TT <B55f^t 

^pj^TrqF^iTfT^qTTq H 



7 T%: ^Wf^PT: ?TTf^^Tr% 1 ^ # 1 : 1 

^ ^ TTfIr ^qFTJfm ii \'s^i n 

■ . ■ . , ^ O'.', , ,,', ,,« , ', ,. 

?TRT^!FfHT%:^T m | 
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^[5?^ =^?Tq rf JTOigT || ^'3<'^ 1 1 

3-ff it it TIRTF^Cf^rf^FTirS?? 1 

'«* ’"Jl 

srill^T^: I 

^ nf¥^ Tn% i ii ^<roJ h 

Tf# i 

^cTrr%s5rr^«T cfft#^^^ h ^ <r n 

#!^Ng:if5;"r^^ft 31^ 3 l^rfrw i 

^^Tf^WT^Twit^T tjCt ^r n 

^ini[57 f%W5f|Ml%cT ^F?T ^ f f| I R<' ^ i) 
3<T#riT^q^jfJT^FF^^5rq:7- 

Hi ?T?i: I 

fiqfttTF-if f%?r%r!#it m ti^ m II II 

mmw^: I 

%5TH I 

fi H i<'^ u • 
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3T(W#fSR% I 

s5‘ 

^ m i! li 

^ C-\, 

I ‘ 

?TH1^ 4\ Tlj^Tfeofl ! 

f^rjpTrTW^Tfcff^f^fi^^ ^ ^^'^qrFr H li 

fTMWTqKS=?TRJT?r?|^g— 

gj^^l^sfq 555'4 ^TT?Tf^T f^rrcSFs-iwiHm ii^<''i' i! 

3is-T?^T |0TT?:^?Ti: ^HT: % : ! 

?r4FS% ^ i! n 

ft t4?r^sWT> ?T5fT^^ il 


f^:^i %fR^?Tft54 1 

#TTf4^?^?Tf?S(T'Jr^TT5TqW^g^^ 

-q^r: vsmi X 

•O 

q'SsTF^^t fFrrfq^qq^Tq^mff^Ji 11 ii 

qilflFrq^Ttr i%^ i 

q^q^qi^ qq irtfq ii \%\ w 
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sTTfTmJFr^H^^-— 

, ^!f|: ^Tf^t 3^^: !1 i| 

^mrtWI%W 7r=^: 5r^q: i 

?T STW m- sr=^q3Tm^ ii ii 

Wl 551^^ gofl JT^g^Wf^«5R ^ I! II 

^^?Tfw^ff'T55nt wrr^ I 

3^aFf^T ^FfS-gT Sfvfff ^ =^ ff if# II i| 

l#HpTN%fn!l%g?«RRT ^^?Tfi^fr3T I! II 

^ II II 
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7T=su; W'W 1 


qjTei^'^^ Hi=#j JTMcTrfW^ w il 

?TRR I 


f STfrTTn^SST^Tfff T^Fq^Wsrff — 

mf] 5r=^^Tf^ %C{T ^TBTf# 5 I! II 


JT=5Ucisr5 ^e[m Hf7ri%T"?T^r II 8 II 


3nl^f^f?RT n 

fTI f^l^N^T li ? !j 
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!% ii ii 

q^fTff^fTf^Tqq^TW^T- 

lqrq?!'^^fiT4T%qT m^\ sqr^ri i 

STqrl^^: I 

Ijt II II 

?rfTrr?TfH^R^^?lr- 

JT=s^I%^^?Tff^f q=5^3^!qcfTflrT^I'^: I 

if WfrcTfTfT^^ II i| 

I 

fJTT^q: f?5B^?qqif^TTqt =q5l^TFf ^ I 

q^T^fRl 1% II Wo"^ II 

FT^PTCT^fT^Fqq^qi—- 

^^TIW W5Rf?r-1W gDTpr^qfq^ II ^ li 

BT3ltW: I 

^iTTTTt m% q^3 qrqT%r5Tiq|s^fl i 
?frn|^^T: mi f%w3on%i^r i 
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«Tf^^fpiw!nfrf{l5nf^?T^^g^— 

o^gj^iJiq'fqT CHSI%% 5 !! ^ ® 11 

3Tq?|^TqJ: 1 

m qT^qfqqj qq (% ^w- \ 

3n%>5®imT%fq^Fi qjqq fqtqip^g qftefqfr ii u ii 

3TTi^#n% qiimqir fF ??i ^ 

ftqqoTTflTiqT^ 5TqF \\\Ki I! 

55SW q^q: q3fq: 1! II 

^imwi \ 

aqf^riq^?r q^^T?:qFtq \ 

qMqffN^fg ^ Hqtf^iqqqqRrg li ^ \ < W 

?Tf l^qi^f qqm^T qqF^55Rqqw^— 

qqqi^Tiqiqffq^rqq^q^^qq’^ q>T^: t 
fsqoft qpf^q^#rfm qrqqJis^WfL n it 

o 

3r^it^w- I 

qqtF ^TfTFqmTi^: i 

fqfq; it ii 



tiff 55^11% ^ Wif&r I 

^ T% nm ^ ii ii 

?T|^cT^frm^r55m5r^mJT?T^5— 

m^Tfar: i 

o 

fTqrPRmR^^fFiTI^ 5 Mm: I! II 

wfmwfTT^^^'r MaF?r?fi ftM ^r i 
IT ^^Tlfl: Mm wqi: 11 11 

f'f^TCr^^TqR?Tm’!^!sm?r?T5rg;^ 

gTrqcsrqm^KfmW M>r^Tc5: Mfi ii il 

m f|rr>7M: i 

3ttr: ?^5rM wm ft^TTSw %rgrF^: g?: n ^ n 



qrl I 

frircErnl[T*r^ 9?sqf^^t: Milt ^fims^Tg: il ii 

I 

M^^mrR ’Tct m i 

3Jr?5r4i^WTr^ %f^#: ii n 
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ST^T^^: I 

^^ ^Tm^ wr ^ 3=T%m i 

■O' „,;' 

crmif^ %g5Tmfl^ mi\ !! !i ; 

: i 

■q^^=TI5T s^^TSm THWcrmF?!^ 1 

II 

JT^I^rTkF =^ 5 ^i: W^Ferfsffr: 1 

^ ii II 

i!tT?^^TT^wH?RFn HsrnoT — 

ttgor ^ ^Hf ,¥*TT I 

t^T ?3:?fr ?rF?55cf: I! II 

35W: mmxm I 

JTSTf [^ 55|T«r 3T^: gJT: 3 ^: ^«IRJ 1 \\\\ « " !l 

^i^frraTa^i^t 55Tf ?T 3 f^: i 

’TfF^gr^r^^: €^lrfFW: 11 11 




Tft R miwr w 

[1% RRRfI *ff%T^T# F^^*Tf&r^ 

•sfTfsqgfR: ?rJim: il 






T^' 3?r: n? !i 

fcT: ?rW ^ ?Rjqf-~ 

i^^THofT^ q555i^TS=5rTgfTf^^ \ 

it^T T%F%X«1 li ^ !l 

1^3^ ^«FT 'T^Wm'^TT 1 

!l 8 II 

f^g# 5 W ?TH W I 

T?:^ W' ^^1- ** " 

WmFT =f %i ^ !i ^ II 


fsfgsr^^^ST 1 

^ ^ET^ I! <r ii 




T%wfT f’?cTT’fq[T ^ II !! 

ft T% ^fTO 11 \ ° 1! 

cT^SSn WWW 

5T0TFMT 1 

w O 

^ g?q?T 3Tm'T)5f»rT5 11 n 11 
anq^=^3T?T^q 5^m: ^^WI%Rf I 

iTmT^sff F irfoicTiTN?^ ii k\ 11 

5?Tm^i¥f^^T?i; 11 u II 

3# TOr 1 

II l<\ II 

T^tWI^ STmifi 1 

^^RTfmrr'^: T%W^^ II U II 

o ■ ■ ■ 

?0g]^^r5T^ ^Trf^q ?:S’3^ ! 

3^T?Tt R’ =^f^3 II II 

f si S^SSI«rf¥fTS ^ fT^: I 

3 SlT%^f^^fY' W ^ ^«T?T ii ? <" II 


^ The reading in botli B and M is / , but as this is &fTomom il it 

iorreeted into ftf^T^f ®o as to meet the reftairemenfcs of the -mefere also, 

■:::':':;^;;:Y::':;:Y^:i:lid£^ 
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fWW ^ 

3T^W^: ! 

5^W>S¥K^T * 

sqmtiSR^T ^ !t li 

^TTOTiT I 

s ^ T ^ tl ^ ^ 

sr^it^T^’ i 

Sf^l^FTT o?tt?tT^<JT: I 

5^T : 1 ^ ^ I ! 

3mrt^T^: I 

sm#SlgT?^T f^?TT =^ 1 

?F: '^W> RF nm m ^*39FT^^ « 'i'i I! 

‘^^’TT ilc^^gor: W ftfe ®Tf3m'555^ 1 
=^^1^ ^1 {j II 
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5=3TH^3 1Tr[|^; ’11%'^: ! 

^5Hr- 

T% sq^flTST ^WWl I! II 

JT?T^H3r5|— 

s TTtrwgofi w^ofr ^fl tmcr?; i 

^<'1! 

3'Tr#s¥T^^T : 3?rlf|''^^T^^^^ i 

3?rT^T5W!^^T f ^cf r^F=f : FJTlTlrWW^T: T% 1 1 11 

?T5f5f^#5r^ ^mm¥m ^ =^ =^ 

ffqt^ ^fTmqm|=5rW^ ^vm mi^M 

s[K^T3|FrW m?T5r#q^ =fg:qFi: i 
5T^q- <q ^ qf^f%: ii ^o n 

iar^Tf^Tg?: I 

tfl^^^r^w^FTf tl^T^T^ Hf ^^WqL 1 , 
fi: qfifw: =*Tf&rd ^W- ll li 
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«R55j^q^H5rJl — 

qgjx5rqoTW^r5^H^2TFm%%^^Tt 3 1 

IFq^^FTFfri'l FFW^oT 'ws 11 \h 

sfWTt^T^: I 

i! II 

STiqFTS^ftrt^ f oiT I 

111 II \ 8 11 

qaiqf^lT^q^qTq: ?TH?THl^t'J^l: ! 

gFqlfq^frr^s^ =^mv. li ^*1 ii 

q53n^^F«TF? q^qJTqmTMq: \ 

3q^T?Tgrn 11 ^ II 


Os' O ' 
^N. ■% .rv X 


>qT?TTr^iqF3'qn^tqj^qmw^5?^^^ i 
^ ^^gqqt^cfqfqflfF^q it ii 

gr^T^^Tq?: | 

»rFW q^q^TfeFifjswq^Tq I 

grHqfqqq rf '^FS^qrprqq q t% Ii H 

^snnit sqTq^^TWRqJTHqg— 

qig^^Tfit RiqFIffrr: 1 
?^^q|q«rqrft W H 11 I’ 


:4 


y? 


».s 5 '*' 

t 


J2\. 



I 

sqfTHW^It c^ %3'^T^^^q il 8 0 !l 
T%^5r^^^q gsr: w^Tf? ^ ?TH sr?:T % i 


»T??Rq 


^?^^=5rg5^?Tr n 8^ n 

^rwTiaFI#^^ sqy^f — 

^f^^qfTJTTW ^TDTF5|>T<rr ^TTT^F^ ifl^JT | 




o 

p 


^imF^^girT^^^TI^JTgtTIr^? l! 8 V II 

I 

^qr qqlf %«r ^wi i 

f% qfom’Rq ^iw f% qpq^qpj q ii s « 


^qrr^qqiq^Tqiri: q^iqirq^Tqg; ^rgf^F: i 
^■Rqjfifq^g’qTfgi qqq; q? sfr^i ii ^s ii 


srsTT^^iq?: I 


. 



q ^rqiq^q !i g< 


3Tq ff^JTJFiq'-^g;. 

fcT: 'Tt 

3nqiqT^?5?^qrRqqW^q-- 

cfflfqrn?-=f?q^qq5F^^?T!^TM'4.’ 1! II 


fTa?JTm=rRq^?T5fq 


2^5?i«^=^'s^i|RfTR?TTfrfiff-q^ i 


5i|?^ sf? RWct % I! ni 

fl:qqf%^5T^q q%^T ^||srS^ 1 

^STR^R =^ 1 ! ii 

fqqqfqgq^q 3^T 5r%^T STR^STI g qf 1 

W f% il ^ 


J Af tar this M. adds the following : ^jTgJra^lTOPfJfRWJ 

3T«rf^(rf%l!?2s^i8[rqfr m^ i 
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??r: -qt q*fq^iTFff =^5T?r^^FTf 
F^itfcrfqqfMqsn ! 

qf^g3f=Ti; qf ^off n <\8 n 

37tlt^T^: I 

?rfp3[5T^«r m ?Tq-ffcr: q^^f|^qT|T i 
^of ^ q^^q'?>55rifq *TI^rfx^fr 1! ^ ll 

^lf-?7 #%Tiq ?5f I 

^1^: r% 3TFM ^ ^fwq I! ii 

Tl:?W=^q:TSrgiq: qsfk^TSTf T^qi%^ ! 
m5?^«r^^TTW ^o|: ?p: TOWIWfT I%3? !l !1 

O O ■•%-.<■ -Os, , 

fTH =f f^g il‘\<' H 

,0 ' ■ A 

srqirl^TpqTfgq^f ?rf^^TFigfT 1 
T%r^Tg gjpq? g?'^5?i'W55Tf^ li ll 
W ^tT^snoFT 1 ^rqf^^sr^ 

gfr^^o^TfrY ^^Tq^fonfi q%qT?^q: i 

gRT%- wqW grtii %» ii 

3T^Tt'?rg?: i 

^frs-7T?ft5^T?^T i 

g:rr^fn%^qT?^ ^srf.r it % =f qm'^s ii i\ ii 

ft I 

q#^Tg^I?T^ W- 1% 'E55 qgft 11 W %\ f| 
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iltoTOTff: 



o o 

iRf^: T¥ JTRfl ?T^<i[ ^ I! i! 

°mi'\ i 

li I! 

II i.s\ II 

I 

SJTTfrisST^^T ^og-f 3^T^?^ifT5qiTN =^ I 

f% »Tf^^ ^ 11 ^ ^ J ii 

^{|•s^5^;^^^fTT^^^?^ =^«r^^T53^#5r^q 
5f?|5r3— 

^ . . .. \ ,' 

1 

5*iT?ftss-Tf ^ I 

^^ffJlI&ra W 11 I! 

sm^Tissif^of 3T??r:3Jr5tPrirtTT^ ^tt: i 

il !J 
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f gojf ^^T’T^iTFlcf^ ! 

•CJ O \ 

'Erg^im ^ i^^g; li !t 

3|f^g:q f =5r T^mi: i 

' o ®\ 

Jfsqsfq ^ qg^qR^q fl? 5 'lisq^ii '&l\\\ 
qq^iqjFH^qR qq^^TR: W: I 

w o o 

qqrifTsw|^f|w^?T^q q^ftii ii 

'fiq^R^q^q q5:^isrqTcpTqj!jnqqqHqg; — 

TO#: qff%cfr^qrq#qqT^fRq qw^ i 

NO , “^ . ■ 

q® srqf^qqiq# m Tq^tTcR 11 W 

f^qfm%qTqf wq^~ 

^qrq^JRfq^tqiTi^fqifq^Pfq: ^rgi^g: I 

TO^rg; qf ' qqq: #; qq 1 1 '« » J 1 1 

I 

qq^r^iT^q ^qi ir^t qs w- ^rsq; i 

q q^q ^ ^Iqi qr^^nR^q ii ii 

fff^q^qfq q qqqiqjr^^qR q qqr^f^:#qfq q 
qfq'UvsfqqqffqqT- 

3R3f^rqTq'=K55 ^qq:«q5?qqT ^qffqq i 
q?q0rqq3n%qqH3:'?555lq qqRqqj: 11 II 

1 Til® reading in both B and M is as gi's^en abcve ; but '^^fO|‘cff|SfflU If g*^^; 
3 |ff f glT®B tb® required mtaning. 


f% il H 

=f5lt^TWTFiR^®fre1 I 

=?^fT f% n ^<1- !l 

=^5l1^#mPRjTSI!W 3^^*Tl«lf: ! 

1% I! il 

5gRT#q: sqpf^q^ff^fr: ! 

q^qiqq h <'®^ ii 

aTqtt^T^: I 

m q^r?:(ll sfqi i 

^M^ q^lTT =q 11 <'\\ 11 

Tqt^?¥rq3T^T^T|Tf^^q W?qqj?5t3^ 1 

cq^M! HqqxnqiqnrTSf'ii^ w ti 

ST^Tt^Tq?: I 

qi555Fqfsq^q t| q«q^q i 

f?4 qforq w it n 




:q 




®T^rw^: 




s?q^sgRf?{?w?:3f?T^3^^ffjrforcf r^q ii 

^ Sy 

pq ^crr|g55^^S-^q['?)55Fqq-H^J? — ■ 

C\ C\ '*'\ 

^ ^pqicn’T I 

w ^fj ■/ O. '•^ .. 

3TRIT^ f ^ ^JT^: % |i C'&\ \\ 


^ qqqTqfqqqr ^r^fr^ff fqfe 




£S.\^t . ^ <r^— ♦ 


wffq?rq^T5s^^7'nFi qq555fqo^ q 



I! I! 

. . - I ' 

?f# eJTfsjjcq j 

■ ■ O 

^#55TT^1%r^qT: I%i%cqfg 3TfoT?ffrtqfr li 

srm^^Tqj-: 1 

q wW ql^ |r i 
mKqqpqqTl^ %q w 


3 ri%?TK?Tff? 


5 qi^ ^ I ^T^qi’^q 


^fi^ ^risgwf^sfqiqTR i! ii 


^ i: qn^q fr% ^?q q i 


apqq fqqoT^q ^flt qTlfsW^ofqiqil^ li XX; 


qqffq ^qg;- 

^sr^flgfqqTq: ! 


sfFqsqgfR:. 

fq: m twqfwq ^-qsqqfRJflfRsqR: ! f S^Tf^f- 
q| 5 Tr*=qRrq?rq|iw^^^^^^ — 

qsfMiq: itjFrm 1T%f|: I 

qtaw: 11 ^°r II 







^fl^;fq#?FfqfvfTfq53T ^IrrqSTi- 1 

^^fgg^rqR='‘?f^q^Hwqiq =q #5# I! ii 

■O t ’w' ^ 


qri^iixpqfq ! 

^ II II 

5pq^qq3rr’|fI^^^Sjiq3ST?q^'55fl^§- 

15^4 ^qfqf^rr t| i 

STHTWI qfWi' f f^: ^ 

qfpfqi?q55^qq?r fsf^fqr^^q ii " 

q^qq5fTq55yqq;«FoiTqTqiqqnq q? ii \° °; ii 

•s3 ' ®x-"«-3 V 

T^^rqqjTWq^q qfqqgBrrTq^^^qrqF'qkTqTqqmqff* 


JSTT^frRTsrFqTfcTSFqqfriWHRfFT^^ I 
rfi[5r^T5^qi ^ ftm fq fqqqqqm in ii 

g^^gsri^sFqqjqjsikrqTqq# qq ii li 

U-A ’■- '■ . 
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tftT3sr%"T 3^ \m w 

g?IKfR5=?fi:=q?I’i^1 ^'I'^i'cT^’ISerTW: I 

f\ Ni '^'v, 


m 


5fHTt It {o^\i 

I 

f^5T=f5T^ ! 

II ? ° !! 





^tirf^qf i! \°^~ i\ 

.O ' '^ N-^ '( 

5qS3^^IT^!%3{%f|5?!?-q35r^‘f!%mi%cf! qtHT I 
S^q^r^'^qmjarqqcjJMi^qi^qqrr II {o j| 
aT?qqitffr^0TT?Wn%35TftM t 

t^qrSFqTqqqgi^TTlI^qitq^nqqJT^TqJif — 
qsrgq ^qisTitts'Jn^m i 

^n%iq55Tqq^Sq qq qf^Mq; !! \o<l H 


f^qjq^^^Fqm^rqfqq^i^q qqqr ^ 




qq^TEq^q-^-g ^ n ^ o^i. jj 
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f%^f %?Tit^=5^^SH|3f ^pcqjg^ | 

#'s5i%|: ^ofi gsrl' ^r5f[ n ^ ^ oi \\ 

t ?T ^^psTjcqicq I 

fi% sTRR^fR: mjm \l 

t^TIR^sq^fR:, 

f^: m ^^Tltesqqf[^q^ffRsqrfr: ! 

51 3Tiq5WW^ 5T ffif 

^5rqv% 5Tpl^5r?Tfr fw 

?TT^, T^lfTf q-qf R% wf^, Irq'w^ qi#Rf3>TRT- 

Rf^qj qq qfq, q?s^qf qiqr^^qqf^TRf qqr 

qm, ftgFicT^'jfR iqqRqqffT^ q§qmq^rs«r T4#qr- 
qqf =51 fg:5’qf^5<- qf|5f%Tqf qqr qqTq rt^, %m- 
qrqFTi ^qRf fstiRTgprqpq^ 

%gR%iqfqF#qrqsqoTgrr?5rwo55^^ qqi^fsqf- 
^prqqfq Rfft— 

fqqiHR^STqf q^r^ qR5?|R^ i 
qf^qi q'^TT 2^i: qqqiT^riit^'^qRtq li ii 

3rqTf^T5>: I 

qq? qq=qp?5rqq ^ % 35rqf=5TT \ 
wfq qriRs^f qi*^ qfqrfq 1 5?qq n \ U~ ii 





ts-j 

Wfrf^ i%3'^i 
^Wg^!3f]s==q: 
3Ti^fr=^5T?r^ f 

^T5«rf|5TOII % 


TFTWrT'? 


3Tm=^5TTO =f ^ 

# 5 : m ^ ^ 

■ w 

^OTT Tg^J'JTr ^T|f%5ar. 

5T-qm=f|^W5[^<tr Wi^F,Wi 


^2f?T^0f^55cr?5S'JIFaW1Tq?Ti-«r ! 


SfrFmWTJ^qf 1^?II 5=pq- w w 


aTm^|T§T^ ^ gsTT I 


5rT^ ^Sf?r t 

fW ^ ^n%?r.^*nT: II u^-li 

«T^‘l^W: I 


JFOI^ ^t55f«licq II H 
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^5riOTf I 

^-fw: ^^Fq|=f^ ^if^ ^.‘ II !l 

f T!gfT^^qf =q ^sf^r^qt ^ ^7^ 

fl5<q'Rt l%^ftsq cT^^^Jl ! 

T'Sqq rrfJTuflig;^ 2^| ^'ff |! f! 

WW ^ q%#! €W: I 

Sf^TOTsqR^^ !! I! 

q^i^rTf^ql q fTT^ fsriJTi^ffffqR^FT^qg;-— 

m tI Hfq'jr ii ii 

9T#fW^: I 

sTTq^rqgT^r^q tI qm w?ir%^TMin i 
qmsgsfqt: ^K^TW aTt5Tq=525'n% II U<\ II 

=q ffMT anqrrw^^ 3^* 

n^ 1 m^^ ?rf^ q^TT^^I II 11 

; ' .V ■ . ■ ■ A' . 

srtT^^TqJ: I 

% T®: q^^TdtRfff ^T%^==ni 1 

SjjlRgs^ q ^rqi'q^’q II I! 



3TT%?TRHff:. 
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5r«iw^'ij^ fijFr^' ^"4^1 #5rg;qsfq 
5r®IW^^ 

?Tf fs^wi HOT, mm Ithsh ariH 

T%ff#^^ fSHOIlHf ?Tgrt m- 

fSH^r H|%, 

5?i^: T^g'Jn f!': I 

i! U\ il 

3T^l\w: ! 

OTq5Hrtnqi#H k g:RqsHoi^iT: i 

O',, 

^^^ fsjw 5^' T%HH ^nSH^ 1! U» II 
®TTOTOT1^ t %% Hirr^T?: I 
»n%H ^^^\^ ?:^fi:5aii ii ii 

k Hqn^q «fH|% Tl;Horq. I 
fgHqj fg;^HTw^HTH5Tr ^CTTH mn Ii t H H 

qw^wvr?r?THm^fOT!K’g3ur^%- 

tI?T 5IFH c|^5=HqF25n^H: ii \ !l 

3TWi\^W: 1 
HHT:- HfoRR I 

^ gjT n \ \<' i| 





]g?TFIOTrrJT 1 

'■^ o 

fg^on 'm ii n 

^^S^lf^or^T^fr 5 Tlf= 7 T§ fS‘?rf’?? 7 [T%^K^?f? ^w- 

^q=fgT^- 

^fTiffi^^fitf^'4^ f| iTT?r5?=ffrT^3q|ff; i 

f^fsnqrf^^gT^gsrrsIfTf^ ^]rj.- !! U\ il 


^ffcT.-^T ?rFf: 5TIHT?^^ FT5ntfT[3T’cq i 
f |54 ^ ^Ttl^rTfl ll l 'i\ II 

gf%T: || ? gg jj 


If cTc^TIS^Sfr ??!! 3 - ^qsr ir? II 
^qifrqq^ q — 

qJlfwS'E^ ^RFTcT=^?9R^3i7 ir ? 8 < || 
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rt €?T^3i?r|rw-( ^ i 

^5^ W%-' % ^’lI5"5% 1! ? 8'^ !i 

fgfl:?T*?^5TW^^q fTT^I, fS?Tfs=;^f 

It^oif ii lie’ ll 

Tf flW ft% f# si ! 
rf^ 3!f f If ii ii 

fS?T?Ji5T'T%f'E55fI%^T?T^3?WWpr?I5iH5ril^ 

5‘5tt is^fSrfWH ! 

i%3^ 2!fwsm =Ti%f h ii 

«Tfl\W: \ 

f^T5^S=3|f^T%Tl'f 55SfHR I 


^R ii ?Ai ii 


ST^if^W: 1 



S^iwgsnw^i wmm RiTf i! il 
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^ w , s3 


^^\m ijl 5 rw^ % ^r|f ii ? \\ 

cS 

^ O <\ '^ , ■ ■ Qv 

%i T^f^%W^= 51 ?I I 

!! ? I! 

^Wl=53I ^«Tq- 55fqfq^S?f^[Fri^ !1 ^'A^3^-!l 
?l5?Fn%i'Rs?Tfw fTMT rrf?T^fr7rMfr'R55^r%5riTT%35rffr- 

«\, 

«TS2foirm3?f^gcTf^^w?riqs'Tff j 

^ 3 % ^ ^ 11 ^ 01 ^ 1 ! \ II 

I 

i f^fi WlofT# % f|: II II 

^^q3Tmw{^«ri fTT^T 


but tMs ' form will not auit tlie require 




II II 

I w?T ^^thSt i 

Oy ^ 

fiCii Jim^t^fr li ii 

m^J rfr?T?fT5TM?f'555^frJT€W^m^?l' 

mr-' 

in'Sra ^ ^lURT: I 

Hjq il I ^ vj II 

! 

gjT WM Wt=Eq rT \\ ^ n 

=^ ^ fTT^I cTHig? TT%'^- 

Cl ■ O 

^ — 

«rwfFcTT'T?3mT^m ^5# 3% \ 

fkm T^eh ii u<\ 5 - » 

TTT^ m sqiqfff^^ JTFRTfL 1 

^ ^ 11 il 



13S 

=fFm jtf%t^ i 

?T1%^?l ?T?I *T5TR?f II I! 

5?TT^fT[%^f ^^555 ffMI ffSrmf ITT^f^55Wf ^- 

?j^wf^?r’ii55^c?TrrT%23n^qim =^ ^|Tr^^5qrem?T?q ^ 

^mr- 

?TTT5=^l%fTfT%cTJT 1 

^ffr%frfir%5^ mm ii \%<'l n 

i 

f^fmmgsrsTirT'^ ^ il U ii 

^^jrgforfr; grTfor^^ft? i 

II V^s°^ 

^ ?T?iTJTFf^'fjS ^ fTMf ffSrr^fTR^- 

©s. 1 !^. O 0's'~' ^ ^ 

3^553rJT!!TTT^^ T%>jr = i 

ii ?v3?j ii 

%\ ■ NJ , ■ . t " '■ 

WRf t^c5W?t 'T’f’Tf^ftsg; I 
*Ton%^T m T%?T*T|W|3T5eq 11 



^ !1 II 

3T#|W: I 

?fHTTfi*r«f: 3?rfe^T?i; 1 

^Tf g^F^r tl^ ^B^^^ mqi li II 

?r?sw3 • 

55T^«r3^^Tcff^ ## ?rf«r5?%^ ii ^^svsi ii 

^^fsgjf%^^3:!^'J;^q^^3^^55SS?TR I 

^^Hmi ^rm ^'f ii \'9<\\\ 

=^^{{%^aTf I 

€F«f^ I! ^'S^- II 




f ^Fqq'H^f— 

55F^^[!%tF?r5f?Tf w 

v_^ 

gF'5|T%fiM ■rl:e5?^3?w si li 

3fT?f f ^ ! 

%E If ^ wliSf !%3 II ? 'S 8~ ! I 

ITf^T ^FflK- 
f FfTf f 15^ ?rF ?TflfT^=f nT^^W-F era- 
|[TO qm%5l% ^WF«TFf5^5?FW^’f^m^5F ??- 
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W ffc^orfeg 

5# W?TR ^Tcl I 

-^Tqiq^qqi^qr. W^T- 

sffsff^ ^ ii 

i ■ ; 

ft I 

f-7: ! 

■^ts:ktT f^cff. ^FfI«fT i! l! 

: *1f%P# It 

■'ifs^TiTTc^RW Itl^ 

^^^SJ^ 1! U^5 “ 

^wF*. ^f^cfT ^551tf II II 
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5!%5rT g?t m ! 

!i K'sl ll 

■ \ 

m^. i 

o 

^)q¥ql-5eT !%H%T mm^ I! K<'^ li 
wqsg ‘ iw. i 

?FT %5-rff li 1! 

?cf^H#a‘a[5T^ioTtrffq'f ffi^l q?r%5Tf%f^lT- 

■^\ w\ , ^ 

cTr^T^Tl^f^KJrq R«?crqR5[f*3T^f?|f?r???r^ - 

qf ?r ^?r: li ii 

|cg;5ffq ff^f: tTHi^m: ‘^JT: i 

f W ir^l H I! 

l^I=5-5fqi 5?^: ! 

s^RT*^f«? cTo^®!%W: 3^: It II 

'SSRSTfl'W fTc'RSJKqFmq^^^ II 

■^^RT^griif'fJc^siT^^^qT pJT?TWiT ^T I 
<T|frf5?T^fr?JTi^^qr sr^gsrifq f^qcft ^^rirE II ’ ii 

^g5f=^3| g is the reading found in the MSti., but it is not correct. 

® Tne Sandhi in Ms grammatically incorrect ; but the author teems 

io huTc intend -d the phonetic fusion for the eahe of the met e ; yide stai^m 204| 
of this chapter. 






ffmr ^^w5Tf# fnw 

sr^q^sqjit ?Tf^ R?Tff- 

^Tif^^fsnrrqrf^q- =f — 

5qg5E^*3T^q I 

^oi II 11 


afr^Tt^T^: I 

^cT*W: ^S: I 

I:T^^T Wrorns II t^\S: 


?rr’Tlm?^«r?T^¥SiT?ri: cT^im^3??r|f^?5r gsr, 

nf^qfFraq-^q qprqqr^£f =q ?|qfi~ 

Tq|ftqt tlgiff Htf TirsqT%itpK{|q i 
JT^T^fT^qm mlsqr^eqfq: ^><^1: 11 H<\ n 

3T^T^^T^: I 

q?fRfr 1 

isr^sff^qqRm^T'^T^isa'^T^: ii il 
f 3 ^ RTTf^M^F5?^55JTq55|rFq: | 

^^5?t|?t: T^3cqi%=f3 II ^ 00 ^ 11 

iiT55iqJH#^ ^vT’^^qfq qy f¥^fq m 3c#fWT%9T- 

3^ qRq?^?T rff|FsqFcfT- 
r^v^\ ^ rrfFFsrsqF^qTwf m w^qr. 



138 jri%cffrK?rff:. 

#f3l4 ’^frsF^ST ?T3FI?f?7&f 'qRq?r^^ — 

T%^Rfq I! !j 

«FTRq 5r|3^^ SJr^qFf: T^l-cq W ^jfl II \ «= ^ j II 

^ft! cTft^^k ! 

^if^qf ^iff ^ PTF^^qiWf F^qH?i^?ff fj IRo^~ if 
sFq-^W: I 

RcF^r^qT^^V: ■q^^^TFq^jl^TFrTfR; j 
1%^ ¥ btrr if 

W T^FR?f^q ^pt rff^Rq^Ffq !! \^\ II 

T%FqRm2-I#I ?fTf II li 

WI^T^fTf^afl m fT*!Tq^ R^iq ! 

?T¥im cf^m II 

?Rqfq?T^^T i%qm #155^5^ 11 n 

«r T%qT^q«?Fq^^ 1 

cTRt-q g:if%i%qqT^w m^v- ■R«r^r m ° ii 

STFR^TWofl It W'qsqqt ^qRlfff 1 

ffqjTRq^ ^qi^rr cf?iF^qT%(qtq*=R f%^ll ’^0^-11 

?Tq|7r«?^- 

^ 3|f^fi^ is grammatioally incoxreet siD.oe there caa h© no sandM feelweem 
^■% In tlie dual numher mA aiffT^ J footnote on page 1S6« 



|^JT3TIrT^^5=^<JT j 

1 tfl-srW ft ’|^3Tf^^f|crr ?TI5r?n-JIT’[: I 
mm ^*1 li it 

g-;(T?ff|7rT^^q;5- ?T^^TTT% II W\ H 

MSqTfrWf^^T?f?TJT?TWft— 

^T%q^^H=®T '^T^HWfTT flrw I 

o o oo ^ 

5T'^§:i|iTTf^'^fW: W^ul II 

'-' ■ , , , ■ •( 

I 

?T?f^|T?rw I 

«” II 

^Tf 5# 5fl^T I 

^fgcgjTH: II 

'TWwt^SSTT^TfhT^ I 

flr?T5f=^3^^^n^^^5qT?T ii ti 

^'T'S^ T%'^Wr»=5T: II y 

^ ’n^srn^^T^^T i 
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,^f!|lftTsqT?T qJTm-^ !! ’x K: 


^ qff ^!? if II 

f OT^5T!5l!?IS^3I0Tf 2^„ 

^?f5q|H^^5'TO cT^q" W-?? I 

qsff gornf^ STTrf^q gW^Tf^qi !! !! 

srqif^^: I 

fr# qqjq^q ii n 

^Tiqcfq^T^ ^ ffqqm ^ 

q in^T q^r^qFq-sirq'fq^ftT#qfqw®qT!iqq’- 

?P2-- 

qf^^: ITtfqrrqcT^qq-wM cTrL I 

fqeqj^qlsq Tlfqflw: II II 

ar^^Tqj: I 


^T*q=clT|^ |fr|qT qfoTcT^xqfr !1 il 

?rq|xT5qTfifTi^qTqii?Sfr^q! qM tTpyp#- 

qf3tf?q 





^ ?Tf TcrtT: I 

o 

prff^TrHTfT: II li 


^ 5iibqf^ fn^i 


©■x A 


^ ftm Tsf^^^r: RT]^=^Wr I 
^S'fWT it ^JT^cR^T: \l ^<"1 li 

q ^ fTMT qsqsqf^r. 


5TtF!«i5^d7r =q ^H>jr 5<ira3rTmTi^fnf?T: i 
fTq|Tfq€qintqcTT^^%’^ II II 


fR|W5f^I^^F^ITspr*T^ S; I 

q«q5^ 5Tlf^TS^ II II 







v3 

^ ■ ■ jTv 

• . ■> ' O 

Hf9TT RT^?fT T%?r^|qT^q || Ml 

s^^iFT ^rpr jfifl^rit^ 

ff'ff 'SSi'R 3i%'Spq^TfWTR (^j|) I 

ef^fw ?rw^M ^ !i 

f^sr^ irfwcr^i’^^TcfTB ^f[% i 
■fdi%'^Tcq55^T.,f!jfrf ii ^ n 
W?T=TMcf'i5?F?r=5?r^^g:-- 

f-imw ! 

^^[FcffWTor^ li 5? 

T% II ^ II 

i%25r^iT 3 t 

q^f^^Tfg!# W WfTSlJl t II 

^m^TcFsqitf^ if ^^w%frT%5iifcT5 1 
gft ^ T% II 'a il 

oziw- •• i 

^I^«n5¥^TcF mm II <* II 

14 



Ui 

WfcPTlSTt ^ 3ftw|;efr'WS ^ 

^¥C|f ^qf|$^^uf^|r'5c5Fqt 

^w|^^||?rRcfT .■«f®M#T^F!?WF^==^5[^iK II 
5f%j^ I^^FOTcTT: ^JI:TI%^?Tf ! 
ws:fin'?TTf?T%rarr^r^t 'ss fiqi^Tiq w \ o w 
MM ??f f Mm ^ I 

3TI0f'W^ flHlM I! 

^tR ft M# il I II 

mi! PWWlf WM ! 

Mf M f% 3Tm I i ii 

\ 

mi! Mfsf^rf ft^Titw'Tf m i 

^ir M f% ^ ii ? ii 

Mimm ^li! CIS 1 

M*! SK^T 1% I! t gVii 

3Tm=^5^?r^^ ^FrFf®?fe?^ T%mT: i 

3# cISSt 1% >R55 11 II 

• m w \ n 

om^* T%^TtT^ 3 I 

^ ik^T 1% m m%'^55q^ii ii 


^IcTsqciffT: 
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'iTiFf ?T 'Tiwe'^r i 

•O nZJO w ■■'^s 

5??itr: ^RF^W5<5ft^frW$srr.‘ ff: {R?J~ii 

5!FT^<T=f5Tf?TM 2^5qf?T: I 

=^^#^Trl, ^^11^ li l{ 
^I'sr^TT^FT ??fw ^I%c][ 

F^nf?i55 fMT ffcr4Tn^'K55ra: ^ 


^sfiT^TfcTF g€'Fi55^0T: ^F4R'l>5fqL I 
f%=^53TfTFRf tf: II \\~ II 

srwll^w: f 

crl4jfi:r%=^?T|^^^!^ H Fwar*?: li VsJ ii 


^ip^SN ?%■ !! 


^ f^TF^^TTqi q'4 l|=fr- 




L.i 


■3FF1IWT# ^#4 soTfifrffoTrr: II K^l! 

?F5^% FT ! 

Q\^ O ■ O . 

gT^WTfcW^T FFiW ?rF^^55F|f%tw ^ il ^ J- i| 
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^flWI I 

m If: \\\^~\i 
^ ^ 

^^f%-l3Frr^ ^ 3Tf|^®?rT- 

g5Tmf,fff =f ^c^fJT^IOT ^ rr^I. clfwit fSlcIfff^^fiqT: 
gsTTW^ff ^ ^f5t~ 

5^5q|ff qtf^^dffSTstq ?T|%^W: WIii; ! 

?Tq=f|r^ gifl ^ll^JIf^r ! 

If! OT- %SW wf%|f: \\ \^\n 

*f!o5^1W^WW 

swi'tf JTif g'fi qi555f rqf T[for?rg; i ' \ 

cTf^TW wl ii ^4 !i 

srtil^Ttp: I 

=f *nSf7ffT^q l^qaFiq | 
f% ^TR I fJ«Tf 

^icfsqif f !f m?Tm55^ =f 

m:~ : :: [ 

gsr^iq^c^HFrgoTf^nfq-ffgrif fiitt i 

r%0T 5SfI5SJ?f|xRqff!%OT !i 1^0; I! 

>i 

Sf«Tfl =f qorfq^I 1 

W ’iw I! II 


m 



] 

ii 

'■;?* . ■ . 

I . efic^rf ’ipiM! 

: r I 

ws iqFSfqrls^PigfqT !1 

' TI# cTS^^Trl^I H^!% ffIMTg; ! 

■ ar^Tf^W: I 

rs. _ _ __/!S_ f>_ 

II II 

I ?P!=^3T?ri ^ * 

p ff^^^gir555^!TT 

; pf^cTTS ^ 

' ^ ^ # H ^ t H 

’ «rf 55?rq^^^i 5T®^RT ^ lU^s II 

1 % M I 

*L qaifpcf^^cfSTo^s^I^W’^^ ^55^^ 

^q?i Fri I' ** 

i Igm^^ : fff I 

'■ IslH ^ ^:: j- " ■ '5ff?Tff 3^P^l®Tf , ^T 1 1 ^ 1 1 

I lIlliisN-: 



fTTi mm I 


pTfftlSff II 


Wra''?5^FT?|'?r 


;rT^’i5®5^5:i?r gsf 










^T|=TT ! 

^dtW?TT WWr^cprm^g'^T: ?|: !l !i 

%f^ iT^f 1 

Cs, ^ ^ • 

W^?rT m' T%fc!m ^l%Ti: II ^ II 


’Hiw i! !i 


3T^1TW: I 


SmT 5?Tm: I 


cTTWi ^icT ^^clF in^r 1 


srr^T m riW 




gmg# Tl?j^r g^’#RcTSMg?WR 

Cs.^ vp O O ^ s-^ ^ 


Isqj^TOf^Tt R«TrT^f^S^: ^q<JT II 8^ II 


gfr^l^^T^: I 







fSl^RW 

WcTSWW^l 


sri5rf^^T|s^^ ^^rfq'W'^i i 
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^fT®TI#q|^^|?rr^ [! II 
?ffq! ^n?siT #f qqj 5^1 i 

rff^Tf^m^mi ii U 11 

O O sP O 

^ift5T^I%f ^^FFfFnii: I%Wi: ii ^'3- !! 


?^icf?r f fw: f W'3i mw: i 




^TfFcTT%^T: H'^TT^rl STJrrSTgfrTfrW^!^^^?^:" | 

HTltfT^B^l’TFft JT??n% ^ T^f%c?^T|?Tl'q. II ? H 
3T!|t 

fl'I%55T'|fTffSqfr^?rff^fqfT^ T%^SfTf[ I 
1%^=# #=5|jr^Ty^g%TOff-ff^^0T n n 
cTSfT«Te?Rqci%W^T^- 

^or 

^«iTf3^T^ prflwi li ^ [j 

jT^»s:^5rr%ri^5rT r^- 

qr^mti%^TT|3n: n H 11 

,j g\ „ 

55f fqr q^^T25rr I%:^3?I^q^T2^: 1 

T^^iT Tf^sT fq^TirrS^ II <^Vj| 

T^qqpt I 

wmj ^iqprm flrgiTlf q??prriTiH#|: n \s^ n 




15 S 

T%3^^!?JT wm fg^TfirftH^T 55 . 

“ 5 £?I^f fMT c!c^i^FT?FT?T^J{ — 

©s. 

WRT t^T tIjiJTT m IW =^ 3511 ! 
mm Jim !i <^''^ II 

Wn T% W ^ !%■ 3 TcfJT 1 

C\ ^ O "X 

m ii 11 

K^RT ?[f% STfS^fSTq^rq^q— 

^If [| ^ II 

T% 3 ^=s^T^n%f?Tt^TSBRff f|iRq m- \ 

^TWmRT: W ;^3: ^n'^ff=?rT2?nSf: II U^ II 

o ©'V X 

^| 55 T?r?rJTTT|^JTrTffW 5 ?T%%: I 

^ff?w= 5 i^T ^FTr 11 11 

^ ISn^ . ' f ■.■..■ ■ 

3311 ¥f I 

Wil fsc^i^: 11 v 

: ; : 3 THT|t#f If 1 . : ; ; 

rfr^l^ -qi^TO-SfT^T f%?T(fT I! 1 5 ^^ II l y !: 






f&=5^MHIfTS^T I'^JTi^T: m- i 

sq^ff R^ri^fl qf^: ^n%^TWT!t¥ it^fLll !'® li 

f sqiit^iq! - 

o o 

gi?55=5^!qfqi^T ^ qq# ti K II 

I 

II^^TTf ^?ft 1 

N© . '^ , . O 

qfs^iqf ^ I%^T^TT%^ K^^ll K II 

qr^T'wr qRqr'Ti^r^q— 
15^ ^qr^ i 

q^q %fq^q: ^ iniqqFfFrr ^TWI 11 R® l] 
srr^^s^fqiqr: fR'^Frqq^T^q — 

\ . -X . 

q=5^Tqi^?rff^^5Tr^=w^ i 

:<s> 

q=5?fiq|q ®5q ^^i^Tqn1rq=s^Tqr II ^ ? 11 
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A , ®\ 

5M=^Nn%t W^IT^s^q: I 

11 =1?. II 

W^- %3'^T f^T^HWcf^siJT^T I 
TK^ori 3^ WM WlW’^^TF^t f% 11^8 I! 
«THTT'I Wff I 

miFpii: ^w- w?r i^^qirlTfr^iJTqT i 
3^Wi?IT f%l%^3TiFr? =^ II 1! 
aTr^s=5^Rr^; T%Tw^’'rTFTT^?ri;f qi ^ 

^^’T=5^I^i: ^ ^'?TRJ{TOT?Tff?7IJT'Fra5r^i-- 

^=s^?7M5?:a f*r{%^fr^srFcFor i 

^ iKt II 

grtr^^T^: i 

T^=tqr5^5=5?JFTT fkg'tsi ST^T I 

ii ii 

N» . O'. 

^Tf STJTl’Wf^T^M^ 3 1 

• NS» ': 'O ■ 

W ^TfFft: Tf IR^ ii 

^Tf 5ffiT0T^Tf =s^Fni%«i' 3 I 

','■, 'SaV'.'''-' ■ .'. O' ' ■ ■ ' . 

II Ii 


o 


^Tfq’^Frg!^«rTT%crT i 

o '3 

f^ffl^ii '^® II 

3T^!f W>‘ I 

o 

!%'Wr=^ !l II 
^5T^q ®rg^?Tfl5q|iT«FT|^^?[- - 

sjTS^Tf 11 I! 

5TH l^r 5554 fqicl^ll !i 

TsgoTT =|T!^?9TftPjf mh 

^#Tr4W II ^ g I! 

^I«Tf 13Tf 5{WK!vq?=cT^^«RH;^ ! 
gsTfi T^frr^^JT^Tci^p 5T?;=5ijfqi5[ ii n 

T^iTT ^«nrt#r 5W4^f^f5slw<qi in^ ii 

m'tj%g:^«4 ^5^xTn%^Tit: \ 

g=55F?i ’T'W moT^q' ! 

^!qq^^n5fjTr[&i4 %fi ii ii 

g^>tfilgqT g# RTiRS^sj-FiT n ^<r^ ii 

1 is the reading giren in the MSS. toi HTSU^ ; but it is metrioany 

Incorrect), 



^«rra5ii^cfT ^ i 

ffwi?II?rq^?|^^q.— 

^Tf ^Tf 5 Tqi(^?T 1 

«\ -O . 

^T^r: srfTOTf'^t ll 8°- II 


srfiw^«^ w^rqff fl i 

'O o 

u^^T|^¥ir^ CiwHl ^=cfg ^ I 

Jn%^iq^7R3r I! if 

•^T^?frTFPq?r^ — 


^TpT'=fF=^ fm JTPWMWT^ li 

^TfsTinoijf^ c53f 11 ^ 

J 

«T??ft ^ flW II 




m <T?f II ^ 


RTRT R^T ^T^T ! 

T^?T?T: 2^ ^ impfi qRRT^fMa W: 

flRi TT#I 3> R!q|: 

.-o *v 

3T^ tq 


^I H H^> 11 

■ "N , '( ■ , 

%w RRRf t qpr^sTi^q qfrarTT^i^^q ^ 
m wsRJ ^Tw; I 

RRT^TSq RK^Tff: li 


jn%T?rR?rw- 


^Tf R^oiq^lfq ^ S 

^ ^ fIMT ^Wr 

sr: ^ qM=Ej?Miqr: 

Ri??qt =f fTMf cffq-ffSTwtqi ^ 

Rqril:- 

^tHT%%gf^=5?^qi 3RfWRRTT5’cfr m ! 
f^*T^(^: RIf%f?TT ^qR=5^fqTfcTl RRq II «<' li 

3Tlrq=5^fqT f Ip-^sgTM \ 

f^=5f!q: m t 5.? II 8^ !l 
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GANITA-8AE A-8ANGRA HA. 


CHAPTER I. 

ON TERMINOLOGY. 

Salutation and Benediction, 

1. Sal utation to Mahayira, the Lord of the Jiuas, the protector 
(of the faithful)^ whose four infinite attributes, worthy to be 
esteemed in (all) the three worlds, are unsurpassable (in excellence). 

2. I bow to that highly glorious Lord of the Jiiias, by whom, 
as forming the shining lamp of the knowledge of numbers, the 
whole of the uniyerso has been made to shine. 

3. That blessed Amoghavarsa (ie.^ one who showers down 
trulj? useful rain), who (ever) Wishes to do good to those whom 
he loves, and by whom the whole body of animals and vegetables, 
having been freed from (the effects of) pests and drought, lias been 
made to feel delighted : 

4. He, in wdiose mental operations, conceived as fire, the enemies 
in the form of sins have all been turned into the condition of ashes, 
and who in consequence has become one whose anger is not futile : 

5. He, who, having brought all the world under his control 
and being himself independent, has not been overcome by (any) 
opponents, and is therefore an absolute lord (like) a new God of Love : 

d. He, to whom the work (of service) is rendered by a circle 
of kings, who have been overpowered, by . the progress of .(his) 
heroism, and who, being Cakrikabhanjana by name, is in reality 
a enkriksdhmjana {le,, the destroyer of the oycle of reenmng 
re^births) : 

^ These fo«r attributes of lias- MahtTira are said to be his faith, mderstaud^ 
iag*, blissfulness and power. , ■ " ' - 


BSGIISH TBANSLATION. 


2 


G ANITASARAS ASF G RA HA . 


: ' ■ ' 7.: being the- . receptacle of ' 'tlie (immerona) rivers, of ; 

leaFrniiig, is charaoterisecl hj the ..a.daiiiaBtiiie' haiik .of propriety, 
and holds the gems. (of' Jainism) within, and (so) is' appropriately^ 
famoiis as the great' ocean of moral e^xcelleiiee':. 

' ' (his. rule)— the male of that sovereigii ' lord, , who ■ 

riestroyed in philosophical controversy the positioii of , S'.iiigl.e,oon-^ 
cla8io.ii8 .and pro.pounds^ the .logic of the ^^ddmda ^ — (may the rule),' 
of that Nrpatuhga prosper ! 

/ '.'t.An A of the Science .Calciilatioa^^^ 

''': '^9. ''In all those transactions .which relate to wo.rldly, Vedic o.r 
(other) similarly religions aifairs, calculation is of use* 
lllO/lndhe . 'science of love, in the' 'science of wealth, in' music, 
:;and'm the 'dr of cooking, and siinilariy in 'medicine... 

and in things like the knowledge of architeetnre : 

IK In prosody, in poetics and poetry, in logic and grainmar 
and such other things, and in relation to all that constitutes the 
peculiar value of (all) the (various) arts : the science of coniputatioii 
is held in high esteem. 

12. In relation, to the movements of the sub and other heavenly 
bodies, in connection with eclipses and the eonjunetions of planets, 
and in connection with the triprmna f and the course of the 
moon — indeed in all these (connections) it is utilised. 

13-14, The number, the diameter and the perimeter of 
islands, oceans and mountains ; the extensive dmiensioiis of the 
rows of habitations and halls belonging to the inhabitants of the 


^ The a process of reasoning adopted by tbe Jainas in relatiori 

to tbe question of the reality or otherwise of the totality of the perceptible 
objects found in the phenomenal universe. The word Is translatable as the 
may-be-argiiinent j and this maj-be-argiinjetifc declares that the phenornena! 
nniverse (1) may be real, (2) m'ay'^nbfc be real, (3) may and may not be real, (4) 
may be indescribable, (5) may be, real and indescribable, (f>) may foe nnreal and 
inaesoribable, and (7) may be, real and unreal and iodeaoribable. The poBition 
represented by this argument is not, therefore, one of a single conolasiom 
f The iripraifm is the name .of a chapter in Sanskrit astronomical works ; 
and the fact that it deals with thi'ee questions is responsible for that name. 
The questions dealt vritlt are Bik (direction), Bern (position) and Kdla (time) as 
pertaining ii, ih© planets, and' other heavenly bodies. 
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(eartlily) world, of the interspace (between the worlds), of th'e 
world of light, and of the world of the gods ; (as also the diiiioii- 
sioiis of those, belonging) to the dwellers in hell : and (other) mis« 
cellaiieons. measurements, of -all sorts— all these arc made out by 
means of oomputation. ,, 

15. The configuration of Imng.. beings therein, the length of 
their lives, their eight attributes and other similar things, their 
progress and other such things, their staying together and such 
other things— all these are dependent upon computation (for their 
due measurement and comprehension). 

16. What is the good of saying much in vain F Whatever 
there is in all the three worlds, which are possessed of moving and 
non-moving beings— all that indeed cannot exist as apart from 
measurement. 

17-19. With the help of the accomplished holy sages, who 
are worthy to be worshipped by the lords of the world, and of their 
disciples and disciples’ disciples, who constitute the well-known 
Jointed series of preceptors, I glean from the great ocean of the 
knowledge of numbers a little of its essence, in the manner in 
which gems are (picked up) from the sea, gold is from the stony 
rock and the pearl from the oyster shell ; , and give out, according 
to the power of my intelligence, the Sdramiigraha^ a small work on 
arithmetic, which is (however) not small in value. 

20-23. Accordingly, from this ocean of Sdnmhgraha^ which 
is filled with the water of terminology and has the (eight) arith- 
metical operations for its bank ; which (again) is full of the bold 
rolling fish represented by the operations relating to fractions, and 
is characterised by the great crocodile represented by the chapter 
of miscellaneous examples ; which (again) is possessed of the waves 
represented by the chapter on the rule-of-thioe, and is variegated 
in splendour thi’ougli the lustre of the gems represented by the 
excellent language relating to the chapter on mixed problems ; and 
which (again) possesses the extensive bottom' represented by the 
chapter on area-problems, and has the sands represented by the, 
chapter on the cubic contents of excavations; and wherein (finally) , 
shines forth the advancing tide -represented by the chapter on 
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■ gliadows^, which is reiaterlio the department of practical calenlatian 
in :asttmomy™(trom,. this ocean) . arithmeticians possessing ' the 
'necessary qualifications in abundance will, 'through the iiistni- 
mentality. of calculation, 'obtain such pure gems^ as they desire. 

24. For the reason, that', it is 'not possible , to, 'know wi'tBo.ni 
(proper) terminology the import of anything, at tl'ie (very) com- 
inencement of this science the required terminology is mentioned. 

Teminology relating to (the measiireiiient of) Space* 

, 'e:;2:5--27. That infinitely minute- (quantity of) inatter,'which is 
not destroyed ' by water, by fire and by other such '■ things, is 
called a parammu, A.n endless number of them makes an 
which is the first (measure) here. The tramrenu which is derived 
therefrom, the rat harem, thence (derived), the hair-measure, the 
louse-measure, the sesamum-nieasure, which (last) is the same as 
the mustard-measure, then the barley -measure and (then) the ahgala 
are (all) — in the case of (all) those who are born in the Avorlds of 
enjoyment and the worlds of work, which are (all) differentiated as 
superior, middling and inferior — eight-fold (as measured in relation 
to what immediately precedes each of them), in the order (in which 
they are mentioned) , This uhgixla is known as vj/amharmgula, 

28. Those, who are acquainted with the processes of measure- 
ment, say that five-hundred of this {tajavahdrmgula) coostitutes 
(another migula known as) pramma. The finger measure of men 
now existing forms their own 

29. They hold that in the established usage of the world 
the angula is of three kinds, vyamhara and prrmdna constituting 
tw^o (of them), and (then there being) one’s own ahgula ; and six 
angulm make the foot-measure as measured across. 

dO. Two (such) feet make a viimti ; and twice that is a hmia. 
Four hmtm make a danda , , and two thousands of that make a 

31. Those who are 'well versed. in the measurement of space 
(or surface-area) say that four hroim form a yojan/i. After this, ,I 
mention in due order the -terminology relating to (the measure- 
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Terminology relating to (the measurement of) Time. 

32. The time in which an atom (moving) goes beyond another 
atom (immediately next to it) is a,satnaya; innumerable sarnwyas 

msk^B Ml amli, :' ■ • , , . 

3§. A measured Bum ber of makes an ii€chraaa\ seyeri 

ucehvdMm make one stdka ; seven stohas make one lara^ and witb 
thirty-eig’M and a half of this the ghafl is formed. 

34. Two ghafm. make one mnhurta ; thiidj muhUrtas make one 
day ; fifteen days make one pciksa ; and two pahsas are taken to 
be a month. 

35. 'I'wo moiitlis make one rtu; three of these are understood 
to make one ayana ; two of these form one year. Next, I give the 
ffrain-measnie.:" , 


Teminology to (the measiirement of) Grain, 

36. Know that four miaUhas foinn here one htidaha ; four 
hudahas otlb prasiha ; and four prasthm o.ne ddhaka, 

37. Four ddhdkaa make one drmm^ and four times one drd7ia 
make one mdnl ; four mams make one hhdrl ; five khdrzs make one 
pra'DariiM, 

3^. Four times that same (pz^avartikd) is a mha ; five pravar-- 
tikds make one hwmbha. After this the terminology relating to 
the nieasuremeat of gold is described. 

Terminology relating to (the measurement of) Gold, 

30, Four gemdakas make one gimjd ; five gmjds make onepam^ 
and eight of tliis (pam) make one dharam ; two dharam>^ make 
one harsa^ and four karms make one pala. 

Terminology relating to (the measurement of) Silver, 

40. Two grains make one gimja ; two gmjdB make one mam ; 
sixteen md§cis are said here to make one dharana,, 

41. Two and a half of that make one harm; four 

purdnm (or karam) make one pah~m say perspns .well veised in 
calculation in respect of the measarement of silver 'according to the 
standard current in Magadha. 


dAijfl'J ASARASANGBA HA., 


Terminology relating to (the measurement 
Other Metals. 

42. What is known as a fea/a consists of four paa'as ; six and 
a quarter make one y(wa ; foax yams make one am««; four 

mhkts liiako one bhdga, 

■ '43.' Six roake 'one ■ dmkmna ; ' twiee that": ( 

o.Re dindra ; two cUndras make one saiera. Tims say the learned 
men in regard to the (measurement of oilier) metals. 

44. Twelve and a half make one prastha ; two liundred 

falcw make one tula ; ten tulds make one bhdra, Tims say those 
who are clever in calculation. 

45. In this (matter of inoasurement) twenty pairs of elotlis^ of 
lewols' or .of canes (are'''oalledj' a kdtihd, ,Mext I, .give .the names of 
the (principal) operations (in arithmetic). 

I'aines of ihe Operations in Aritlimetie.; ^ 

46. The first among these (operations) h gmiahdra (multiplica- 

tion), and it is also (called) ^praigutpanna the second is what is 
known as hhdgahdra (diyisioa) ; and krii (s<:|tiuriiig') is said to he 
:the, third.. , v . ■ .■ 

47. The foiotli, as a matter of coarse, is varga-niula (square 
root), and the fifth is said to be ghana (cubing) ; then ghanmmda 
(ciihe root) is the sixth, and the seventh is known as,e/^t .(summa- 
tion). 

48. This is also spoken of mhkaltta. Then the edghth is 
mjuikidita (the subtraction of a part of a smies, taken from the 
beguining, from the whole series), and iliis is also spoken of as 
.b-m. All these eight (operations) appertain to fractions also. 

Ixeiieral rales in regard to isero and -positive 'and 
negative quantities, 

40, K number multiplied' by zievo is zero, and that (number) 
remains unchanged when- it is- .divided by,* combined with (or) 

^ Ifc can be easily seen hei'e that a number -wheii dmded by zero dues not 
really remain unchanged. Bhasfeara calls the quotient of such zero- divisions 
kltahmi and »dglitly assigns to it the valne oi inhnityd MahAvlracaiya obviously 
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diminished bj zero. Multiplication and other operations in rela-» 
tioB to zero (give rise toj zero; and in the operation of addition^ 
. the zero becomes' the same as what is added to it, 

50. In mriltiplying as well as dividing two negative (or) 
two positive (quantities, one by the other), the result is a positive 
(qiiantity). But it is a BCgative quantity in relation to two 
(quantities), one (of wdiieli is) positive and-tlie other negative. 
In adding a positive and a Jiegative (quantity, the result) is (their) 
difference. 

5L The addition of two negative (quantities or) of two 
positive (quantities gives rise to) a negative or positive (quantit}?') 
in order. A positive (quantity) which has to be subtracted from 
a (given) number becomes negative, and a negative (quantity) 
which has to be (so) subtracted becomes positive. 

52. The square of a positive as well as of a negative (quantity) 
is positive ; and the square roots of those (square quantities) are 
positive and 3iegative in order. As in the nature of things a 
negative (quantity) is not a square (quantity), it has therefore no 
square root. 


53—62, [These stanzas give certain names of certain things, which names 
are freqiientlj vised to denote figures and numbers in arithmetical notation. They 
are not therefore translated here j but the reader is I'eferred to the ax>peiidix 
wherein an alphabetical list of such, of these names as occur in this work is given 
with their ordinary and numerical meanings.] 

The Barnes of Motational Places. 

63, The first place is what is known as eka (unit) ; the second 
place is named daia (ten) ; the third they call as mta (hundred), 
while the fourth is sahas^^a (thousand). 

64, The fifth is dma-sahaara (ten-thousand) and the sivih. is 

no other than lakm (lakh). The seventh is dam^akm (ten-lakh) 
and the eighth is said to he Mti, (crore). ' ' 




OA^ITASlE ASAHOB AH A . 


, 65,' Tlie ninth is'. ...and. the ' tenth, mr^ator' 

MU (hiindred-orore).'.' ;,The ('place) eharaoterised hy 'eleven. ]S:0r5ti&. 
anrl the twelfth (place) i^nyarhiida. 

thirteenth place. is hharva and the foiirfeeiith 
kkarwL ’ . Similarly the -.fifteenth m padwia and .the . sixteenth mahdr', 
pudma, 

' ' 67. Again the. serenteenth is Itmny the eighteenth 

The nineteenth place is imikha and the t'wentietli is mahd-iankka. . 

..'68. The twenty “first place is ksityd^ the ■ Wenty-seeoiid 'mn 
h0yd> ' Then . the twenty-third is I'mhha and the twenty “fomdli 
mcthd-hmhha, ' 

. ..69. .By ' means of the ■■(following) .eight qualities, .quick, 
'method', in working,. '.forethought ns', to whether a desirahle r^esnlt 
^.m.ay be arrived' at,... .or to.w.hether an .undesirable 'result will', be', 
produced, freedom from dullness, correct compreheiisioii, power 
of retention, and the devising of new mea,.n,s in working, along 
with getting at those numhei’s which make (unknown) quantities 
known — (by means of these qualities) an arithmetician is to be 
known as such. 

- ■■ 70.- Great sages have, briefiy stated the terininology , thus. ^ 
What has to be further said (about it) in detail most be learnt 
from (a study of) the science (itself). 

■v;.;' ;::T^ ends; the chapter . on Terminology : in' .Sara-.' 

' ;S.ahgrahaj whic^ is- a . work on arithmetic hy ■■ Maha* 
■■;^ri€arya* ' 
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CHAPTER II 


ARITHMETIGAL OPEEATIONS. 

The First Subject of Treatment. 

we shall expound the first subject of treatment 


Mtiltiplioation. 

Ill relatioa to the operation of miiltiplioatioiij 
ig the faril^cvrman operations), is as follows: 
(the multiplicand and the maltix>licr one 

the manner of the hinges of a door, the 
be multiplied by the multiplier, in accord- 
f) the two methods of normal (or) rtwerse 
. the process of (i) dividing the multiplicand 
I multiplier by a factor of the multiplicand, 
lultipUor and multiplying the multiplicand 


sxpvessed, this rule w orhs out thus ; 

■ al by cd, the product is (i) x («■ >= ’• 

Obvionsly the object of the first two devices here is to 

Oil eh the choice of suitable factors. 

or normal method of working is the one that w geneial y 

X nr the reverse method of working is as follows;- 
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by a factor of the iniiltiplier, or (iii): of . usimg* '.them ^ (in" 
miiltipHeatioii) as they are {in themselves), 

Examphs in illustration ihermf, 

'/i%. Lotoses were,' given '-'away (in.'offeriiig)— eight' of, .them -to 
ea.ch Jina temple. How man 3 ^.( were given away ) to 144 temples ? 

^.',Nme pachmrdga gems are seen to have .been' offeree! in 
worship in, a single ■ Jina temple. How many will they be ' . (at 
that same rate) in relation to 5388 temples ? 

4. One hnnclrecl and thirty-nine pmgctmga gems , have to be 
ottered in worship in a single Jina . temple.' Say, how many gems 
(have to he so ottered) in 109 temples. 

5;.,''.'Twenty-s0venlotases''''have been given away,in,.off.eriiig.:.to 
;a'’ single Jina. teinp^^ '.Say'j.how' many they are- (wMoh. have .been: 
at that rate given away) to 1998 (temples). 

6. (At the rate of) 108 golden lotoses to each temple, how 
many will they be in relation to 85697481 (temples) ? 

7. If (the number represented by) the group (of figures) con- 
sisting of 1, 8, 6, 4, 9, 9, 7 and 2 (in order from the imits^ ‘plaoe 
upwards) is wnritten down and multiplied by 441, what is the value 
of the (resulting) quantity ? 

8. In this (problem), write down (the number represented by) 
the group (of figures) oonsisting of 1, 4, 4, 1, 3 and 5 (in order 
from the units’ place upwards), and multiply it by 81 ; and then 
tell me the (resulting) number. 

9. In this (problem), vu*ite down the number 157683 and 
multiply it by 9, and then tell me, friend, the value of the 
(resulting) quantity. 

10. In this (problem), 12345679 multiplied by 9 is to be written 
down ; this (product) has been declared by the holy preceptor 
Mahavira to constitute the necklace of Narapala. 


4 Here, 139 is mentioaed in the original as 40 4- 100 — 1. 

5. Here, 1998 is mentioned in the original as 1098 + 900. 

10. Here as well as in the following stamHias, certain numbers are said to 
constitnte diiferent kinds of necklaces on account of the symmetrical arrange* 
ment o£ similar figures which is readily noticeable in relation to them* 
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IL Six 3^s, five 6^8, and (one) 7, which is a.t the end, are put 
down (in the descending order down to the nnits^ place) ; and this 
(mimbei) miiltipHed 'by 33 has (also) been declared to be a (kind 
-.of)' necklace V . 

12. In this (problem), write down 3, 4, 1, 7, 8, 2, 4, and 1 (in 
order from the nnits’ place upwards), and mnltiplj (the resulting 
number) by 7 ; and then say that it is the necklace of precious 
gems. .... 

13. Writedown (the number) 142857143, and multiply it by 
7 ; and then say that it is the royal necklace. 

14. Similarly 370370^17 is multiplied by 3. Find out (the 
result) obtained by multiplying (this product) again to get such 
multiples (thereof) as' have one as the first and nine as the last 
(of the multipliers in order). 

15. The (figures) 7, 0, 2, 2, 5 and I are put down (in order 
from the units’ place upwards) ; and then this (number) which is 
to he multiplied by 73, should (also) be called a necklace (when so 
multiplied) . 

16. Write down (the number represented by) the group (of 
figures) consisting of 4, 4, 1, 2, 6 and 2 (in order from the units’ 
place upward>s) ; and when (this is) multiplied 64, you, who 
know arithrnotie, tell me what the (resulting) number is. 

17. In this (problem) put down in order (from the units’ place 
upwards) 1,1,0, 1, 1, 0, 1 and 1, which (figures so placed) give the 
measure of a (particular) number ; and (then) if this (number) is 
multiplied by 91, there resul ts that necklace which is worthy of a 
prince. 

Thus ends multiplioation, the first of the operations known as 

Pariharman» 


11. The multipHcancI liere is 333’3336S6667# *■■••• 

14 This problem reduces’ itself to this : multiply 376s^03'7 x ^ by 1, % 

A, 5, 6, 7, 8, mi. d in orier* ^ ^ 
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Division, 

The rule of work in relation to the operation of clivisioHj whioh 
is the second (anion^ the parzkarman operations), is as follows: — 
18. Put down the dividend and’ divide it, in accordance with 
the process of removing eommon factors, hj the divisor, which is 
placed below that (dividend), and then give out the resnlting 
(quotient). 


, 19. The dividend ■ should be divided in the reverse way (/.e., 
from left to right) hy the divisor placed below, after performing 
in relation to (both of) them the operation of removing the 
common factors, if that be possil)le. 

Examples in illmiraiion thereof^ 

20. Dinaras (amounting to) 8192 have been divided between 
64 men. What is the share of one man ? 

21. Tell me the share of one person when 2701 pieces of gold 
are divided among 37 persons. 

22. Dinaras (amounting to) 10349 have been divided between 
79 persons. What is it that is obtained by one (person) P 

23. G-old pieces (amounting to) 14141 are given to 79 temples. 
What is the money (given) to each (temple) ? 

24. Jambu fruits (amounting to) 31317 have been divided 
between 39 persons. Tell lue the share of each. 

25. JaxnbCi fruits (amounting to) 31313 have been divided 
between 181 persons. Give out tlie share of each. 

26. Gems amounting to 36261 (in number) are given to 
9 persons (equally). What does one man obtain here ? 

27. 0 fripnd, gold pieces (to the value of the nruoaber wherein 
the figures in order frons the units’ place upwards are) such as 


20. Here, 8192 is mentioned in tiie original as SOOO-i- 92 -f 100. 
22. In the original, 10349 is given as 10(XK>-I- 300-1- 7^ 

23* Hero, 14J41 is given as lOOOO-f (40 f 40li0-^-i ^10O). 

24. Mei^e,31317 is given as 174-300+31000. 

25. Here, 31313 is given as 1B + 800+-31000. 

30. Here, 36261 


given as 30000 + 1 + (60 + 200 + 0000). 
Wi. Here, the given dmdena is obvionslj 12345054321, 
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begin with 1 and end with 6, and then become gradually dimi- 
nished, are divided between 441 persons. What is the share of 
each.?'.. 

28, Gems (ainomiting to) 28483 (in number) are given (in 
offering) to 13 Jiiia temples. Give out the share of each (temple). 

Thus ends division, the second of the operations known, as 

'Pmrikarmmi. 


Squaring, 

^Tlie of Work in relation to the operation of squaring, 
which is the third (among the pariharman operations), is as 
follows : — 

29. The multiplication of two equal quantities : or the multi- 
plication of the two quantities obtained (from the giv^en quantity) 
by the subtraction (therefrom), and the addition (thereunto), of any 
chosen quantity, together with the addition of the square of that 
chosen quantity (to that product) : or the sum of a series in arith- 
metical progression, of which 1 is the fii’st term, 2 is the common 
difference, and the number of terms wherein is that (of which the 
square is) required : gives rise to the (required) square. 

30. The square of numbers consisting of two ox more places 
is (equal to) the sum of the squares of all the numbers (in all the 
places) combined with twice the product of those (numbers) taken 
(two at a time) in order. 

28. Here, 28188 is given as 83 + 400 + (4000 x 7). 

20. The rule given heroin, expressed algebraicallj, comes out thus : 

(i) axa 5 (ii) 4 <'1?) — so} + == n" ; (iii) 1 4 3 4 5 -f* 7 4 . . .up 

to a terms = a-. 

30. The word transhited by piace hero is ; it olbvioiiBlj means a piaco 
in notat-ion. Here, as a coinmeBtary interprets it, it may also denote the com- 
p<iiieat parts of a sum, as each such part has a place in the sum. According’ to 
hath these interpretations the mie works out correctly. 

For instance, (1 234)" = (tOO O" 4 20 0 " 4 30^ 4 4^) 4 2 x 1000 x 200 4 2 x lOOb x 30 
4 2 X WltTx? 4 2 X 20iT>rS0 4 2 x 200 x 4 4 2 x SOTS 

Similarly (14 24 34 4)- 4 2® 4 S®4 4®) 4 2(1 x 2 4 1 x 3 4 1 x 44 2 x 34 2 x 4f 

4 3x4). 
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number, the order 

of counting the figures being from the right to the left,) and then 

r -^Z. doubled and pushed on fto 

the right by one notational place), by (the figures found in) tk 

remaining places. Bach of the remaining figures (in the number) 

IS to be pushed on (by one place) and then dealt with similarlT. 

. Tills, IS the method of squaring.' ■ 

WxdiuplcB vti illust‘jrcitio7i iJlBTCof^ 

16, fs. Tjtlt °' ' “> 

S3. TOat will 338, 4661 and 256 teoome wW .,„„ed ? 

dssSissStSlsm »i”“- o' 

k??^' 6387, and then- 7135, and (then) 

*.18 squared 0 clever arithmetician, tell me, after multiply- 
mg well, the value of those three (squares). ^ " 

P.,“' ‘■‘O ^0W„ „ 




To s^iiiaye 131. 


To square 1S2, 


•■■square 555. 


1*= 1; 

2x1x8:= I 0 
2X:i:x'X'=:' 2 ' 

2'X:Bm::z==' 

1*= 


l-= ] I 
3x1x3=: 6 

2x1x3=. I 

3-= ! 

2x8x2= i 


i(i)i I ! : 

-i: 7::ii:6.u 


I I 52 = 1 251 
j ■ ,:|2x 5x 5= I -,50 ■ 

b l2x5xS== j 50| 


; I ,5^ 

. ;■ .''. ■;[13;' . ;j^ 5 X 5- 

■4j : 52 

(1) (1) i 




'’'=1 : .1 I25- 

j(5)!(8)j(6) (2)1 

I 30 8 0 2 5 


33. Here, «1 is gi„eu as 4000 + 61 + 600. 
o. Hera, ?I35 ig as 166.+ (1000 x 7). 
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Square Eoot. 

Tke rule of work in relation to the operation of (extracting*) 
tlie square root, which is the fourth (of the operations) 

is as follows 

36. Prom the (number represented bj the figures up to tlie) 
last odd place (of notation counted from the right), subtract the 
(highest possible) square number ; then multiply tlie root (of tins 
mimher) by two. and divide with this (product the number 
represented by taking into position the figure belonging to) the 
(next) even place; and then the square of the quotient (so 
obtained) is to be subtracted from the (number represented by 
taking into position the figure belonging to the next) odd place. 
(If it is so eoiitinued till the end), the half of the (last) doubled 
quantity (comes to bo) the resulting square root. 

Ilxamphs in illustration thereof , 

37. 0 friend, tell me quickly the roots of the squares of the 
numbers from 1 to 9, and of 256 and 576. 

38. Find out the square root of 6561 and of 65536. 

39. What are the square roots of 4294967296 and 622521 ? 

40. What are the square roots of 63664441 and 1771561 ? 

41. Tell me, friend, after considering well, the square roots of 
1296 and 625. 


SG. To illustrate tbe rule, the following example is 'worked oat below 
To extract the square root of 65536 : 

6 I 55 I 3G 


25 X 2 « 60)303(6 
300 


Square root' required 


'16 


.gakitas1k.4sa:ngiuha^^ 


■ . 42. Tell ' mej 0 ' leading" arithmetioiaiij .tlie: square . roots;, of 
110889 , 12321, and 844561. ■ 

Thus . ends square ' root.- dhe fourth of - the. dper&tions';-h^ 
as Forilicmnan. 


CiiMng. 

. The rule of work in relation to the operation of cubing, ■which:'' 
is the fifth (of the partkarman op.eratiouB), is as foilcwB :• — ' 

43. The product of (any) three equal quantities : orthepro- 
huot; 'obtained, by ■■the..multipHc^^^ of any ■,( given)., quantity; by 
that (given quantity ) as diminished by a chosen quantity and 
(then againl by that (given quantity) as increased by the (same) 
chosen quantity, when combined witli the square of tlie chosen 
quantity as multiplied by the least (of the above three quantities) 
and (combined) also with the cube of the ehosen quantity : gives 
rise to a cubic quantity . 

44, Or, the summing up of a series in arithmetical progression, 
of which the first term is the quantity (the cube whereof is) 
required, the common difference is twice this quantity, and the 
number of terms is (equal to) this (same given) quantity, (gives 
rise to the cube of the given quantity). Or, the square of the 
quantity (the cube whereof is required), w^heii combined -with 
the product (obtained by the multiplication) of this given quantity 
diminished by one by the sum of a series in arithmetical progres- 
sion in which the first term is one, the common difference is two and 
the number of terms is (equal to) the given ijuaiitity, (gives rise 
to the cube of the given quantity). 


4S. Symbolically expressed, this rtilo works onfc thus : 

(i) a X a X a = a® : (ii) a (a -h 6) (a "* h) + {a — h) 4- 

44'. Algebraically, ibis rule means — 

^i) #== .........to a terms. 

(ii) a® (es— 1) {l*fS+6-f7 + to m 
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45. In an arithmetically progressive scries, wherein cneh the 
first term as well as the common diffcroiico, and the nmnber of 
terms is (eqnoJ. to) the givoii nnmher, multiply the preceding 
terms by the immediately followdng ones. The sum of the pro- 
ducts (so obtained), when ninltipliecl by three and combined with 
the last term (in the above series in arithmetical progression), 
becomes the cube (of tlie given qnantity). 

46. (In a given, quantity b the squares of (the number ropro- 
seiited by the figures in) the last place as also (by those in) the other 
(reniaining pla.ces) are taken ; and each of these (squares) is 
multi plied by the iiuniber of the other place and also by three ; the 
sum of the two (quantities resulting thus), when combined again 
with the cubes of the numbers corresponding to all the (optional) 
places, (gives rise to) the cube (of the given quantity). 

47. Or, the cube of the last figure (in the number counted from 
right to left is to be obtained) ; and thrice the square (of that last 
figure) is to be pushed on (to the right by one iiotational place) 
and mnltiplied by (the number represented by the figures 
found in) the remaining (places) ; then the square of this (number 
represented by the figures found in the) remaining (places) is to be 
pushed on (as above) and multiplied by thrice the last figure . 
(above-mentioned). These (three quantities) are then to be 
placed in position (and then summed up). Such i^s the rule (to be 
carried out) here. 

Examples in ilhistratkm thereof. 

48. Q-ive out the cubes of the numbers from 1 to 9 and of 15, 
25, 3d, 77 and 96. 

49. Give out the cubes of 10 !, 172, 516 , 717 and 1344. 


•f Ct- 1 X ^ 


45. 3 1 X 2 + 2x3*f 3 X . 4-a- 1 x | +ci = a\ 

46. -f -I- fl® + = (a + hf. To make tke rule general and applicable 

to numbers having more than two places, ifc is clearly implied here that (b -f c) 
^U{bi-ep-i-a^ 4 -{h + c)^===(a^h^cy^} audit is obvious -that any number may 
be represeated as the sum of two other suitably chosen numbers. 

47* The pushing on of a ligare here referred 'to -is similar to what is ©acliibited 
ill the note nuder stanza ai in this'-ohapter# , • v'y -■ 


18 ' 


5,0. Tlie iimiber' /213^^is■ c.ul>c4.; , twice, tMee,. foiiivtimes' 

, and ive times that (number' are)' also (cubed find out the coite-: 
spoiiding quantities'}. 

that- 168 multiplied bj all the numbers from 
I' to 8 is related (as base) 'to the ' required cmbes. '/ ;G 
cubes quickly . ■ ■.■ "'■ 

' 53. 0 yon, who have seen the other shore' of the, deep }and. 
esceellent oeean of ' the practice of' (arithmetical) operations, write 
down the figures 4., "0, 6, 0, 5, and 9 in order (from right tG :left,), 
and work , out , the cube 'of dhe nmiiber ('represented' by,,, 'those' 
figures), and meutioii the lesult at'onee.. ' 

Thus ends eiibiiig, '; the (fifth' 'of the operations known as 


■' ■ Cube, Boot./ 

The rule of work in relation to the operation of extract- 
ing the cube root, which is the sixth (among the pmikarrmn 
operations),^ as follows 

53. Ih'orn (the number represented by the figures up to) the 
last glmna place, subtract the (highest possible) mibe ; thou divide 
the (number represented by the next) bhajyoL place (after it is 
taken into position) b}' three times the square of tlu 3 root (of that 
cube) ; then subtract from the (number represented by the next) 
.'Oilhya place (after it is taken into position) the square of tho 
(above) quotient as multiplied by ihrev and by the already meii- 
tioned p-oot of the highest p ossible cube) ; and then (subtract) from 



and 54. The figures iu any given number, the cabe-rootr whereof is recjuired, 
are conceived in these rules to be tlivided into gronps, each of which consists as 
far as possible of three figures, named, in the order from right to left, as ahana 
or that which is cubic, that is, from which the cube is to be subtracted, es sficlhija 
or that wliich is to be subtracted from, and as hht'rjya or that w'lueh is to 
divided. The hMjyann4 also known m aghana or non-eubio. The 

last group on the left need not always consist of all these three figures ; it may 



era after II*— AKItHMETtCAL OPERATIONS 


tlie (iiiimber represented by the figure in the next) ghivna placo 
(after it is taken into position) the cube (of this same (.|uotieiit). 

54. One (figure in the various groups of three figures) is oubio : 
two are non-cubic. Divide (the Bon*eubio figure) by three times 
the BC|uare of the cube root. From the (next) noii-eubie (figure) 
subtract the sipiaro of the quotient (obtained as above and) multi- 
plied by three times the previously mentioned (cube-re>ot of the 
highest <.;ul)e tlunbt can. be subtracted from the previous cubic 
ligore) and i^thcn subtract) the cube of the (above; i|uotient (from 
the next cubic figure as takea into position). With i lie help of 
the cube-root -‘figures (so) obtained (and takfui into posit ion . the 
procedure is) as before. 

Ewampisb’ in iihifitraiton (hereof, 

55. What is the cube root of the numbers beginning with 1 
and ending with 9. all cubed; and of 4913; and of 18608571^ 

50, Extract the cube root of 13824, 36926037 and 6184702U8. 


conBisfc of OBe or two or tlireo iigures, as tlie case may be. The lai ie nioBtiomMl 
\vill be clear from the following worked out esaiupio. 

To extract the cube root of 77308776: — 


4“ K ;S - 18)133(2 


42~ X 3« 5*292)32207(6 
31752 


The rule docs not state what figures constitute the cube root 5 but it is meftut 
that the cube root, is the irumber made up, of theJgiires 'which are cubed m this 
operation, written down in the order, from above ifoiii left to right 


2Q' 
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. 57 . Giye the 'cube roots of 270087225344 and 76332940488;, ' v, 

' : :;5a:, 6iT0 also of 260917119. ' . 

: 59/ Give the cube roots of ;2427715584 and of 1626379776; : ; 

' ,60... 0 arithmetician, -. who are clever in oaleiilatioii, .give-oiit 
after; examination .the ' root of ■8590113699459488645 wHeh is, a 
,onl)ic quantity. 

Thus ends cube root, the sixth of the operations ivnoveii as 
J?ariharman,: , : 


^Snmmatioa. ■ 

,The rule of work in relation to the operation of . .siimmatioii.'of;’ 
series, which is the seventh (among the pajilcaymcm operations), 
is as follows : — 

61. The number of terms in the series is (first) diminished by 
one and (is then) halved and multiplied by the common difference; 
this when combined with the first term in tho series and (then) 
multiplied bj" the number of teinns (therein) bceoiiios the sum of 
all (the terms in the series in arithmetical progression). 

The rule for obtaining the sum of the series in another 
■'^ manner; ' / 

62. The number of terms (in the series) as diminished by om 
anci (then) multiplied by the common difference is eomhined with 
twice the first teiin in, the series;;’ and when this '(combined stun) is 
multiplied by the number of terms (in the series) and is (then) 
divided by tico^ it becomes the sum of the series in all cases. 


01. This nilo coruvJS ont tbns when expressed aigebraicariy '• — ■ 

/n— 1 \ 

( = where a is the first term, h the commusi dii'i*erence, n 

numlier of terms, and S the sum of the whole series. 

I (-yt—l) h-f 2 . 
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The rule for finxliiig out the udidhana^ the vAiaradhana and 
ihB' sarmdhmm , ^ 

.' 63 ,' is the first term multiplied by the •number 

of'teimis (in' ^ series'). , The tAiaradhama is (the product of) the 
'number . of tenns the' common difi'ercnee (and again ^ 

multiplied by the, half of the number of terms less by one. The 
sum of these two (’gives) the sarvadkana, the sum of all the 
terms in the scries ; and ( this sum will be the same as that of a 
series, which is) : characterised , by a negative 'coTLra.on^ 'differences'.:,.) 
'when (the order of the' terms m the- series is '.reversed so that) tlm 
'. last term is’ made. to be the'iirst term. . ' 

The rule for finding the antyad /tana, the niad/^yad/zaua and 
the sarcadhcrria : — 

61 . The number of terms (in the series) lessened by one 
and multiplied by the common difference and (then) combined 
with the first term (gives) the cuityadhana. Half of the sum of 

In these mles. each of the terms in uii arithmetically x.»rogrcssivu 
seiies is supposed to bo (obtained by adding: to the first term thereof a niultiplo of 
the common difference, the nature of this multiple being* determined by the 
position’ which any spi^cified term holds in tlie series. According: to this 
oouccptiim we hare to !ind in every term of the series i he first term along* with a 
iuultiple of the common differcnco. The sum. of ail such first terms so found is 
what is here called the midkcmai the sum of all such multiples of the common 
difference constitutes the utiaradhaHa ; and the mrvadhava which is obtained by 
adding these two sums is of course the sum of the wdiole series. The expression 
ardijadhana denotes the value of the last term in an aidthmetically progressive 
scries. And madhtjadhana means the value of the middle term which value, 
however, corresponds to the arithmetical mean of the first and the last terms in 
the series, so that when tlies'c are 2,n 4- 1 terms in the series, the value of the 
{n A l)th tcvm is the rtiadhyadhaiia', but vyhen there are, 2//. terms in the series 
the arithmetical mean of the value of the Jith term and of that of the {n + l)th 
irriii l./econies the maddujadhuna. Accordingly we have 
(1) Jididhanct x a» 

'x,:- :','y 

(;,i) A7ilyudfi<uia — 1) k 6 4* 

j" (n — 1) b 4* a I -f 


= ( 4 ) 




| — 1) Ir 4- aj 


4" «' • 
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m (anii/adlam^ “d the first tem ^giresj 

The product of this {mad/ifankana) and the number of terms (m 

the series gives) the desired sum of all the terms therein. 

Emmiile^milludratio^^ 

05. (Each of ) ten merchants gives away money vin an arith- 
netically progressiA'e series) as a religious offering, the first terms 
of the (ten) series being from 1 to 10, the common difference (in 
each of these series) being of the same value (as the first terms 
n— fli« Tnimher of terms bein2 10 (in every one of the 


ItsHquue obviuus Uia-t au aritlimoticiiliy pi-ogruissive series havnig a^iiegacive. 
eoBimon difference becomes ciianged into one vfith a positive comirioii iliffereiiCi' 
U'heii tlie order oi tlie terms is reTOVsed throiigiio-at so as to make the "last of 
them become the first. 

6G. A irivaU is a lay follo^ver of the Jaina religion, who merely hoars, 
listetlg to and learns the or duties, as opposed in Uie asneiicH wlio arn 

entitled to teach those religious duties. 

09. Algebraically tbis rule works out thus 



CHAPTER II— AEITHMKTICAL OPERATIONS 


tens and tlie eoBiiiion, diifereri.ee 'to 8 times the common differ- 
once multiplied by the snin of the series, the comiuoii ditfenmeo 
is added, and the resulting quantity is halved ; and when (again) 
this is diiiiinislied by the first term and then divided by the 
ooinmon difference, we get the number of terms in the series, 


Th(.! rale for finding out the inimber of terms ( stated) in 
another maniK3r :■ — 

70. Wheiij from the square root of (the quantity obtained by) 
the addition of the square of the difference lietweeji twice the 
first term and the common difference to 8 times the common 
tliflerenee multiplied by the sum of the series, the hepapada is 
subtracted, and (the resulting quantity) is hal'/ed ; and i^wiien again 
this is) divided by the common difference, (we get) the number 
of terms in the series. 

Examples in illmtraiion thereof. 

71. The first term is 2, the common differences,* these two 
are increased siieeessively by 1 till three (series are so made up). 
The sums of the three series are 90, 276 and 1110, in order. What 
is the number of terms in each series ? 

72. The first term is 5, the common difference 8, and the sum 
of the series 333. What is the number of terms ? 

The first term (of another series) is 6, the common difference 
8, and the sum 420. What is the number of terras ? 

The rule for finding out the common difference as well as the 
first term : — 

73. The sum (of the series) diminished by the Midhana^ and 
(then) divided by half (the quantity represented by i the square 




ganitasIrasangbaha, 


of :.tlie imniber of terms as lessened' by the; niiinber of terms;,. (. 
the oommoii difference.. The sum (of iha s.encsj , dimmisii 
ulkmidkma and (then).' divided by the iiamber.'of :terms, I’ 


The rule for .finding out the first term n.s well as.the, comiiio,];i 
diffie.reiice, : — 

"74. The sum. of the series dinded by the- niiuiber of ternis'^^ 
^(therein), when diminished by the product of the common diffe,reiice 
.'multiplied by the half of the" number ter.ms less by one, gives 
'tho'first. term of the, series. -Tho common ,differeiiee. is, (obtained; 
when) the .sum, divided by the number of ternis and then dimi- 
nished by the first term j is divided, by the half of tho number -of 
.terms less hy/oti^, , , 


Two rules for finding out, in another way, 'the eommon differ- 
ence and the , first term t-— 

75. T3 nderstaiid that the eommon difference is (obtained, when) 
the sum of the series, multiplied by fmj and divided by the 
number of terms (therein), is diminished by twdee the first term, 
and is (then) divided by the number of terms lessened by one, 

76. Twice the sum of the series divided by the number of 
terms therein, and (then) diminished by the iioniber of terms as 
lessened by one and multiplied by the common difference, when 
divided by two, (gives) the first term of the series. 

Examples in illMiration ihereofr 

77. The first term is 9 ; the number of terms is 7 ; and the sum 
of the series is 105. Of what value is the common difference ‘r 


' ‘i* 


-i. Algebraically, a 


75. Svmboiieaily, h 


76. Algebraically, a 



The common difference (in respect of another series) is 5, the 
number of terms is 8, and the sum is 156. Tell me the first term. 

The rule for finding out how (when the sum is given) the 
first term, the common difference, and the number of terms may, 

asdesired,bearrivedat:— 

78 . When the sum is divided by any chosen number, the 
divisor becomes the number of terms (in the series); when the 
quotient here is diminished by any number chosen (again), this 
subtracted number becomes the first term (in the series) ; and 
the remainder (got after this subtraction) when divided by the 
half of the number of terms lessened by one becomes the common 
difference. 

Example in illustration thereof. 

79. The sum given in this problem is 540. 0 crest-jewel of 

arithmeticians, tell me the number of terms, the common differ- 

eiiee, and tte first term. 

Three rule-giving stanzas for splitting up (into the component 
elements^ such a sum of a series (in arithmetical progression) as is 
combined with the first term, or with the common difference, or 
with the number of terms, or with all these. 

80 0 crest-jewel of calculators, understand that the mi&radham 
diminished by the uttaradlnma, and (then) divided by the number 
of terms to which om lias beeu added, gives rise to rhe first 

term. 

81. The muradhana, diminished by the adidhana, and (then) 
divided by the (quantity obtained by the) addition of am to the 
(product of the) number of terms multiplied by the half of the 
number of t-'r.ns lessened by one, (gives rise to) the common 
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differeiiee. ' ..(In splitting np.tlie number of term,s from the misra^': 
'dlmna).y ib^ (required) number of terms , (is obtained) in ,aoGQrdaiio.e 
With the rule/for obtaining' the number,' of terms^ proTidecl that 
.'the' 'first term is taken to be increased by, one, (so as' to cause 'a, 
;correspoTiclmg inorease in all the terms). 

■ 82. The. misradkam is diminished by the first ,terin and',' the 
,Mniher of terms, both '(o,f these) being optioiiallT 'oiiose'ii ; (then) 
that quantity, which is obtained (from this difierenee) by applying 
the rale for ^^splitting up) the uttaia-iimradhana. happens to 
be' the common difference (required here). This, is the method .of ' 
''Work in (splitting up) -the all-combined {nrurailmna). 

Examples in illustration Hereof. 

v'.-'SB,..,,^' exceeded .by- 2.,. '3, '5 and, .'lOy re'presents' (in,, order); 
'the ,' ddi-Misrudhana , and''. the- 'other (nmradkanm}, , .Tell ^;iiie . what- 
(respectively), happens. -fin ■ these eases to be' the ,fir8t \term.,pthq: 
common difference, the number of terms and all (these three). 


series ia arithmetical progression. There are accordingly four different kinds of 
misradhava mentioned here 5 and they are respectively uttara-^ 

misradJiana, gaccha^mismdhana and sar^ea-mUradliana, For ddidliana and ■'.dtara^ 
dhana see note under stanzas 63 and 64 in this ehapf.ev. 

11 (n — 1) 


Algebraically, stanza 80 works out thus ; 
ia the ddi-misradhana, i.e., »S a. 


where 


And stanza 81 gives h - 


8h - 'wg 
' n (w. — 1) 


whore 5*6 is the nttara-m^sradliana, 


Le., S 4- b : and further points out that the value of « may be found 
out, when the value of which, being* the gacclui-misradhmia^ is 
ecjual to S + w, is given, from the fact that, when /S = a + (a »S- b) -{- 
(a + 2b) + . , . up to n terins, 871^(0. -f 1) + (a + 1 + b) (a4* 1 1* 2b) 
“t up to the same n terms. 

Since, in stanza 82, the choice of a and n are left to onr option, the 
problem of finding out <2, and b from the given value of Sanh, 
n-bich, being the sarm’^misradhana^ is equal to 8 a -h n -h 5, resolves 
itself easily to the finding out of b from any given value of >S'i^ in the 
manner above explained. 

S3. The problem expressed in plainer terms is (1) Find out a when 8a = 
n when 8 + n ^ 4S, a =» 2 and b'« 3.' And (4) find out a, b, and n whe:^ 
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The rule for fiiicliug out, from the known sum, first term, and 
common difference (of a given series in arithmetical progression), 
the first term and the common difference (of another series), the 
optionally chosen ■ smii (whereof), is twice, three times, half, one- 
third, ,;or some siioh'(miiltiple or fractm^^^^ of the known mm of the 
give,ii series):—' 

84. Put down in two places (for facility of working) the 
chosen sum as divided by the known the given) sum; this 
(quotient) when multiplied by the (known) common difference 
gives the (required) common difference ; and that (same) quotient 
when multiplied by the (known) first term gives the (required) 
first term o,l*, (the series of which),. the sum is either a m.iiltiple oi" 
a' fra,ctioii (of the,, .known, sum, .of -the given series). 

Examples in illustration thereof. 

85. iSixty is the (known) iirst term, and the (known) common 
difference is twice that, and the number of terms is the same, 

4 (in the given series as wmll a,s in all the required series). Give 
out the first terms and the common differences of these required 
(series, the sums whereof are) represented by tliat (known sum) 
as multiplied or divided by the (numbers) beginning with 2. 

The rule for finding out, in relation to two (series), the number 
of terms wherein are optionally chosen, their mutually inter- 
changed first term and common difference, as also their sums wMoh 
may be equal, or (one of which may be) twice, thrice, half, or one- 
third, or any such (multiple or fraction of the other) : — 

86. The number of terms (in one series), multiplied by itself 
as lessoned by one^ and then multiplied ^by the chosen (ratio 
between the sums of the two series), and then diminished by 

U. Symbo\iGail„v, aj. = ^ a, bj = g 6, where 5i, ai and hi are the sum, the 

iirst term and the common difference, in order, of the series whose sum is chosen, 
Griven the sums of two series, the ratio between the two ffrst tervns and that 

* 

between the two commoa diifereneos need not always be g". The solution here 
given is hence applicable only to certain particular cases. 

86. Algebraically, a = — 1) x'p' - 2%, and b — — 2 ^ 

where a, h and % are the first term, the common difference and the .niinifoef ©f - 
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twice tlie, number of terms in the other seiie*?, (giYes. rise to' tte 
: 'intercliaiigeable} ^ first term of one. (of the series). .The square of 
the (number of terms in the) other (series), diiniiiished ,bj : that 
'■(niimbor of terms) itself and' (then) diminished, (again), bj the' 
produet of two '.(times the) -chosen (ratio)' and the iiumber of terms, 
..(.in .the, first series giTes'rise to the interchangeable) coinnion: 
diSerence (of that series). 

/ Examples in illustration thereof. 

'In' relation to two men, (whose wealth, is 'nieasured 
respectively by the sums of tw^o series in arithmetical progression) 
having ' 5 and 8 for the number of terms, the first term' and the 
common 'diff'erenco of'. both .these series being . interchangeable' 
(in relation to: each other) ; ' the sums (of the; series) being equal, 
■....pr'.the sum; (of .one of them) being twice^ thrice, or. any such 
■Imiiitiple of that of .the -other)— 0 arithmetician give out. (the 
value of these) sums and the interchangeable first term and 
common difference after calculating (them all) w^ell. 

88. In relation to two series (in arithmetical progression), 
having IJl and 16 for their number of terms, the first term and 
the common difference are interchangeable. The sums (of the 
series) are equal, or the sum (of one of them) is twice or any such 
multiple, or half or any such fraction (of that of the other). 
You, who are versed in the science of calculation, give out (the 
value of these sums and the interchangeable first term and common 
difference). 

The rule for finding out the first terms in relation to such 
(series in arithmetical progression) as are characterised by varying 
oommon differences, equal numbers of terms and equal sums 

89. Of that (series) which has the largest common difference, 
om is (taken to be) the first term. The difference between this 

teritis In the Srst series, % the ntiiiiber of terms in the second series, and p the 
ratio between the two sums : Ot and h heing thus found out, the first term and the 
common difi'erence of the second series are ^ and a respeotlTelj in yalne. 

The solution herein gwen is, only a particular case of the general rule 
^ zcB — (tx h) -f n, where a and % are the first terms of two series, and 
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largest common' difference and (any otlier) remaining common: 
difference is multiplied by tbe half of the number of,, terms: 
lessened: by om ; and when this (product) is ,oombmed .with one, 
(we get,) 0 friend, the first terms of (the various series having) 
the remaining (smaller) common differences. ■ 

I!-mmpl€8 in iUusiration tkef'^eof, 

90. &ive out quiokly, 0 friend, the first terms of (all the series 
found in two sets of) such (series) as have equal sums (in relation 
to each set) and are characterised by 9 as the number of terms in 
each (series), when those (series belonging to the first and second 
sets) have (respectively) common differences beginning with I 
and ending with 6 (in one case) and have 1 , 3, 5 and 7 as the 
coBimon differences (in the other ease). . 

The rule for finding out the common difference in relation to 
such (series in arithmetical progression) as are characterised by 
varying first terms, equal numbers of terms and equal sums : — 

91. Of that (series) which has the largest first term, one is 
taken to be the common difference. The difference between this 
largest first term and (each of the) remaining (smaller) first terms 
is divided by the half of the number of terms lessened by one ; 
and when this (q^iotient in each case) is combined with one^ 
(we get) the common differences of. (the various series having) the 
remaining (smaller) first terms. 

An example in illustration thereof. 

92. 0 arithmetician, who have seen the other shore of calcula- 
tion, give out the common differences of (all) those (series) which 
are characterised by equal sums and have 1 , 3, 5, 7, 9 and 11 for 
their first terms and 5 for the number of terms in each. 


h and hi their corresponding* coxiimon differences. It is obvious that in this 
formula, when 5, hj and ifi are given, aj ’ is determined bj choosing any vaiae 
for a 5 and one is chosen as the value of a in the rule here. 

91. The general formula in this case is — 

bi == wherein also the value of b is taken to be one in the rule 


'^ 30 '' 


GAN ITASABASANGE A H A - 


rule for finding out ike gmmdkana and the sum of &,■ 

series in geometrical progression : 

93. ,T term (of - a' series in geometrical progression ), 

' ' when self-mnltipliecl prod not of the common 

^ ^atio, in which (product the frequency of the oeeniTence of the 
common ratio is) meas-ured' hy the number of terms ' (in the ' 
series)-, gives rise to the gwnadham. And, it has to be, understood 
that this gmuidham^ when diminished hy the first term, , and 
(then) divided by the eoinmon . ratio lessened by one, becomes the 
'suin' of the series in geometrical progression. 

. Another rule also for finding out the sum of a series in geo- 
metrical progression : — 

■ ' 94. The number of terms in the series is caused tO' be marked ' 
(in a separate column) by sere and by one (respectively) corre- 
sponding to the even (value) which is halved and to the uneven 
(value from which one is subtracted till by continuing these 
processes zero is ultimately reached) ; then this (representative 
series made up of zero and one is used in order from the last one 
therein, so that this one multiplied by the common ratio is again) 
multiplied by the common ratio (wherever one happens to be the 
denoting item), and multiplied so as to obtain the square {where- 
ever zero happens to be the denoting item). When (the result 


93, The g'lmadJiana of a series of n terms in geometrical progression corre« 
sponds in Talne to the {n l)th term thereof, when the series is oontinned. 

The ^alue of this gumdhana algebraically stated is rxrxr np to n such 

factors X a, i.e., Compare this with the uUaradhana. 

This' rale for finding oat the sam may be algebraically expressed thus: — 

B = , where a is the first term, r the common ratio. 

f — 1 

and n> the number of terms. 

This rule dift'ers from the previous one in so far as it gives a new 
method for findiug out rw by using tbe processes of squaring and ordinary 
multiplication ; and tliis method will become clear from the f ollowing example : — 
Let n in be equal to 12, 

12 is even j it has therefore to be divided by 2, and to be denoted by 0; 

"6 »> 5, ,, ,, 2, ,, j, 0 

f =5 3 is odd ; 1 is ,$ „ subtracted from it, and it is ,, „ 1 

3— Issg ig even ; it has „ „ divided by 2, and to be ,, „ 0 

•|s=:ligodd; 1 is „ „ subtracted from it, and it is „ „ I 

1— IsttO, which concludes this part of the operation. 
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of) this (operation),, is, dimittislied' 'by om^ and (is then) iniiltiplied 
by the first term, and (is then) divided.: by the,,, oommon ratio 
lessened bj ow, it becomes, the .snm (of the„',s, 0 ries). 

The rule for finding out the' last 'term' in- a geometrically,' pro,« 
gressive series as also tlie sum of that '(series) : — 

'' 9.5; The antyadhana or the ' last term of a ;.8eries in geometrical 
progressio.ii is, the yiimniliana (of another series) wherein the 
number of terms is less by one.. This {antya.dhana\ when multi- 
plied. by , the' eomnion, ratioj and '(then,) ' -<110310181164 by the,fi-rsf; 
ternij and (then) (livided, by,, the . 'common ratio- lessened by:.-o«a'j: 
.gives rise to, the sum (,of 'the se',ries)/ 

An. ewcmvph in illustration thereof. 

96. Having (first) obtained 2 golden coins (in some city), a 
man goes on from city to city, earning (everywhere) three times 
(of what he earned immediately before). Say how much he will 
"mahe'"ifi,,themighth, city. 


Now, in the representative colamn of figures so derived and given in the 
-margin— “- 

0 the lowest 1 is multiplied by r, which gives r : since this lowest 1 has 0 

0 above it, the r obtaiaerl as before is squared, which gives : since this 0 

1 has 1 above it, the r* now obtained is multiplied by which gives ; 

0 since this 1 has 0 above it, tliis r® is squared, which gives r® ; and since 

1 again this 0 has another 0 above it, this is squared, wliich gives 
Thus the value of r may be arrived at by using as few times as possible the 

processes of squaiing and simple multiplication. The object of the method is 
to facilita,.tc the de terra in ifcion of the value of j and it is easily seen that the 
method holds true for all positive a-ncl integral values of ti. 

95. Expressed alirebraioally. 8 — J. ^,1 T , The antyadhana is the 

value of tlu? last term in a series in geometrical progression; for the 
meaning and value of gu-nadhcma, see staujsa 93 above in this chapter. The 
of a geometrically progre.ssivc series of w. terms is while the 

ynna.dhana of the same series is Similarly the antyadhana of a geometrically 
progressiva series of ?? — I terras is while the ymadhaym thereof is 

Here it Is evident that the antyadhana of the series of n terms is the same as 
the gmadhana of the series of n — X terms', - • ; ; ■ , ,p , ^ 
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: ^ " The rule for finding out the first term and; the; common ratio 
in relation to a (given) gumdhana 

\ 97. The when' divided by the first term becomes 

equal to the {self-multiplied) product of a (certain quantity in which 
(product) that (quantity) occurs as often as the Bumber of terms 
(in the series) ; and this (quantity) is the (required) common 
ratio. ’The gnnadhana, when divided by that (self -multiplied) 
product of the common ratio in which (product the frequency 
of the ocourrenoe of this common ratio) is measured by the 
numher of terms (in the.s'eries), gives rise to the first term. 

' ' ' The rule for finding out in relation to a given gimadham ih.^ 
number of terms (in the. corresponding geometrically progressive 
series): — 

98. Divide the gunadhana (of the series) by the first term 
(thereof). Then divide this (quotient) by the common ratio 
(time after time) so that there is notliing left (to carry out such a 
division any further) ; whatever happens (here) to be the 
number of vertical strokes, (each representing a single such divi- 
sion), so much is (the value of) the number of terms in relation 
to the (given) 

Examples in illustration thereof, 

99. A certain man (in going from city to city) earned money 
(in a geometrically progressive series) having 5 dmdras for the 
first term (thereof) and 2 for the common ratio. He (thus) 
entered 8 cities. How mauy are the dlndras (in) his (possession) ? 

100. What is (the value of) the wealth owned by a merchant 
(when it is measured by the sum of a geometrically progressive 
series), the first term whereof is 7, the common ratio d, and the 
number of terms (wherein) is 9 : and again (when it is measured 
by the sum of another geometrically progressive series), tl^e first 

97 and 9S. Ib is clear that when dmded by a g-ives ; and this is divis- 
ible by r as manj^ times as w, which is acoordingiy the measure of tlie number 

of terms in the series. Similarly r x r x r ui> to times gives ; and 

the ^madUana he., diyidisd by this gives a, which is the required first term 
i>£ the series. 
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term, the cominoa. ratio and the niimbor of torm.*? thereof being 
,Sj.5 and 15 (respeetivelj) ? ' 

The rule for firidiiig oat the comiuon ratio and the first 
term in rola-tion to the (given) sum of a series in geometrical 
progr.essioii , 

101. That ((Quantity) hy which the aom of the series divided 
hj the first term and (then) lessened hy me is divisible through out 
(when this process of division after the suhtraetiou of one is 
carried on in relation to all the successive quotients) time after 
time — (that quantity) is the common ratio. The sum, lunltiplied 
by the common ratio lessened hj one^ and (then) divided hy that 
self-in Tiltipiied product of the eomiuon ratio in which (product) 
that (cnmnion ratio) occurs as fi-equently as the number of terms 
(hi the series), after this (sauie self-multiplied product of the 
common ratio) is diminished by one, gives rise to the first term. 

.Edwnples in UJndraiion thereof. 

102, When the first term i.s o, the number of terms is C, and 
the sum is 4095 (in relation to a series in geometrical progres- 
sion), what is the value of the common ratio F The common 
ratio is (>, the number of terms is 5, and the sum is 3110 (in 
relation to another series in geometrical progression). What is 
the first term boro ? 


lOL The iirst. pjirt of the rule will become clear from the following 
example : — 

The oF the series is, 401)5, tho hrst term 3, and the nuiiiber of terms £». 
Here, dividnig 4095 by 3 wo get 1365. Now, 1365 — 1 = 1364, Choosing 

by trial 4, w'e have ^ ~ 1 = 340; -j- = 85; 85 - 1 = 1 ^ 84 ; 

Q f pA ^ 

— 21 • 21 — 1 = 20 • ~ 5 ; 5 -1 = 4;"-' — 1. Hence 4 is tho common 

4 ’ " ^ 4< 4 ’ 

ratio. The principle on which this method is based virill be clear from the 

following 

TlfZirl) a ~ !!!ni - 1 ~ ChlT which is obvionaly divisible 

.3* — 1 • .y-l '* r— 1 v-1 ‘ ^ 

i ' r-l, 

The second pai't expressed algobraioallj is ' « “72rf ' ^ ^ fn^X* • I , 

, 'T ' ' '' 5-, 
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The imle for finding out the number of terais in a geome- 

trieally progress! ye series: — 

ylOS. Multiply the som .(of the giyea series in' geometrieal;;: 
.■.progression) hy the eoinmo.ii ratio, lessened 'by one ;. (then.).. diYide:,,' 
this ■ (prodoct) by the first', term and (then), ' add to dbis;,. 
(quotient). The number of times that this (resulting quantity) is 
(successively) ■ diyisible by the- commoii ratio — that gives the,' 
measure of the number of terms (in the series). 

Examples in illustration thereof, 

104. 0 my excellently able mathematical friend, tell me of 
what value the number of terms is in relation to (a series, whereof) 
the first term is 3, the common ratio is 6, and the sum is 777. 

.of the number of' 

(series) which (respectively) have 5 for the first term, 2 for the 
common ratio, 1275 for the sum : 7 for the first term, 3 for the 
common ratio, 68887 for the sum : and 3 for the first term, 5 for 
the common ratio and 22888183593 for the sum ? 

Thus ends summation, the seventh of the operations known as 
Parikcmnan, 


Vy'utlmHta* 

The rule of work in relation to the operation of Vinifikaliiaf 
which is the eighth (of the Parikarman operations), is as follow^s : — 
106. (Take) the chosen-off number of terms as combined with 
the total number of terms (in the se3ies), and (take) also jom 
own chosen-off number of terms (simply) ; diminish (each of) 


In a given series, any portion ebosen off from tbe beginning is called i:fa 
or tbe cbosen-off part j and the rest of the series is called sV. f?, and it coniains 
the remaining terms and form^the remainder-series. It is the sum of these s 'fa 
terms which is called vyutkalita, 

sum of the j>ta or Si= ^ g — . J + ^ <j. where d is the number of tenns in 
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these (qiiaiititie>s) by one and (tlien) halve it and multiply it by 
the eomnion difference ; and (then) add the first term to (each of) 
.these .(resulting, prodnets). • And .these (resulting' quantities), 
..when. ..multiplied by the ■, reinaming number of terms, and the 
ehoseii-off niiinber of terms (respectively), give rise to the sum of 
the lemainder-series and to the sum of the chosen-off part of 
the serieS' (in order). 

The rule for obtaining in another manner the sum of the 
remainder-series and also the sum of the chosen-off part of the 
given series :■ — 

107* (Take) the ohosen-offi number of terms as combined with 
the total number of terms (in the series), and (take) also tho 
chosen-off number of terms (simply) ; dimmish (each of) these by 
one, and (then) multiply by the common difference, and (then) 
add to (each of) these (resulting products) twice the first term. 
These (resulting quantities), when multiplied by the half of the 
remaining number of terms and by the half of the chosen-off number 
of terms (respectively), give rise to the sum of the remainder-series 
and to the sum of the chosen-off* part of the series (in order). 

The rule for finding out the sum of the remainder-series in 
respect of an arithmetically progressive as well as a geometrically 
progressive series, as also for finding out tho remaining number 
of terms (belonging to the remainder-series) : — 

108. The sum (of the given series) diminished by the sum of 
the ehosen-off part (of the series) gives rise to the sum of the 
remainder-series in respect of the arithmetically progressive as 
well as the geometrically progressive series; and when the 
difference between the total number of terms and the ehoson-off 
number of terms (in the series) is obtained, it becomes the remain* 
ing number of terms belonging to that (remainder-series).- 


86,. 
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' , The. riile for finding out ■■ the .'first ter'ii} , . in , i'*elation , to: ,, the: 
remaining number of terms (belonging to the remainder- series) 

109. ,Tlio ehoaen-off number of,' terms iiiiiltiplied 'by' tli(3.co.miiio 
difiereiice and ^theii) combined with the first term (of the given 
.series)',, gives, ,rise to ,. the .,v first term' in relation to the, . reiiiaining 
terms (belonging to the remamder-series) hhe already mentioned 
common difference is the common difference in relation to those 
(remaining terms also) ; and in relation to the choson-off number 
of terms (also both the first tc^m and the common diiferoiicc) are 
exactly those (which are found in the given series). 

The rule for finding out the first term in relation to the 
remaining number of terms belonging to the romaiiider-sories in 
a geometrically progressive series : — 

110. Even in respect of a geometrically progressive series, the 
common ratio and the first term are exactly alike (in the given 
series and in the chosen-off part thereof). There is (however) this 
difference here in respect of (the first term in relation to) the 
remaining number of terms (in the remrdndcr-seiics), viy,., that 
the first term of the -given) series multiplied by that self-multi- 
plied product of the common ratio, in which (product) the 
frequency of the occurrence of the commim ratio is measured by 
the chosen-off number of terms, gives rise to the first term (of the 
re mainder-ser ies) . 

Ummples in illmtraiion tkereof, 

111. Calculate vrliat the sums of the remainder-soiies are in 
respect of a series in arithmetical progression, the first term of 
which is 2, the common difference is 3, and the number of terms 
is 14, when the chosen-off numbers of the terms are 7, 8, 9, 6 and 5 
(respectively). 

112. (In connection with a scries in arithniotical progression) 
here (given), the first term is 6, the common diffcreiree is 8, the 
number of terms is 86, and the chosen-off ninnbers of terms are 10, 

109. The iirst- term of the remainder serk8'=: dh -f a. The series dealt with 
in this rule is obviously in arithmelioa! progressioH. 

110. The iirst term of the lemainder series is uffK 
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12 and 10 (respectively). In connection with another (similar 
series), the first term and the other things are 6, o, <00 and 
100 (ill order). Ba.y what the sams are of the (coirespo riding) 
remaiiider-seri es. 

113. The number of terms (in .a series io. arithmetical pro- 
gression) is 216; the common difference is 8; the hist term is 
14 ; 37 is the clioseu-off number of terms (to be removed). Find 
the sums both of the remainder-series and of the ehosen-off part 
(of the given scries). 

114. The first term (io a given soiies in aritlmiciical progxrs- 
sion) is, in this (problem), G4; the common difference is minNa 4; 
tlie number of terms is 16. What are the sums of the remainder- 
series when the ohosen-off nnmbeis of terms are 7, 9, 11 and 12? 

Exam^^'les on V3mtkalita in respect of a (jeomeiricaUij 
progreshvve strics. 

115. Where (in the process of reckoning of the fruits on trees 
in serial Imncdies), 4 happens to be the first term, 2 the eoinmon 
ratio, and 16 the number of terms, wliile the chosen-off number 
of terms (removed) are 10, 9, 8, 7 , 6 , 5 and 4 (respectivedy) — 
there, say, 0 you ’wbo know arithmetic and have penetrated 
iiilo the interior of the forest of practical mathematical operations, 
(the. interior) wlierein wild elepliants sport — (there say) what the 
total of the retnaining fruits is on the tops of the various good 
trees (dealt with therein). 

Thus ends vyutkalita^ the eighth of the operations known as 
Parikannan. 

Thus "ends the first subject of treatment known as 
PBrilmrmMu in Sarasahgraha, which is a work on 
arithmetic hy Mahaviracarya, 


115. In tin's problem, there are givtn 7 different fruit trees, each of wi icii 
has 10 bundles of fruits. The lowest bunch on each tree has 4 fruits ; the fruits 
in the higher l.uinches are gooiuctrically ^.rogressive in number, the common 
ratio being 2 5 and 10, 9, 8 , '7. 0 , 5 and 4 represent the numbers of the hunches 
removed from below in order from the ■ 7 'tiees. We Imye to find out “ the total 
of the rernaining fruk-s on the tops of the various, good trees”. Matichliml- 
Icndifa, as it occurs in this stanisa>-is- themame. of the' metro in which it i? 
composed, at thk same time that it means the ^ijortisi^ of wild eleid^ants. 
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OHAPTEE III. 

REACTIONS., 

The Second Subject of Treatment. 

1 Unto that escellBiit Lord of the t7tnc(s, h\ whom the tree 
oi Mman has been eompletely uprooted, and w'hose lotas-like feet 
are enveloped in the halo of splendour proeceding from the’ tops of 
the crowns belonging to the chief sovereigns in all the three worlds 
—(unto that Lord of the Jincts), I bow in devotion. 

Plereafter, we shall expound the second subject of treatment 
known as KaVlsavarm* {i.e., fractions). 

The rule of work here, in 3 ’elatiori to the multiplication of 
fractions, is as follows : — 

2. In the multiplication of fractions, the numerators are to 
he multiplied by the numerators and the denominators by the 
denominators, after carrying out the process of cross-reduction, if 
that he possible in relation to them. 

Emm-jihs in illustmiion thereof. 

3. Tell me, friend, what a person will get for | of a pet la of 
dried ginger, if ho gets f of a pam for 1 pala of such ginger. 

4. Where the price of 1 pala of pepper is i of a pana, there, 
say, what the price will be of | of a pula. 

5. A pereon gets | of a pah. of long pepper for 1 pam. 0 
arithmetician, mention, after multiplying, what (he gets) for 
f pmias, 

6. Where a merchant buys of a of cumin seeds for 1 
fmia^ there, 0 you who possess complete .knowledge, mention wliat 
(he buys) for f pams. 

7. The numerators’ of ' the giyen fraetioos begin with 2 and go 
on increasing gradually '.by 2 ; again their denominators begin 

Kalfhavarm Hfcerally means parts resembling -iV, since denotes tlie 
siistcentb part. IlenCf^ tlie term K!d^mvarri.a has come to signify fractions in 

'2. When I X ■§ isA’edaoeii as x , the process of cross-rednotion is applied. 

7, the fractions Tierein mentioned are : f, f, &o. 



with 3 and go on increasing by 2; those (numerators and 
denominators) are, in both (the oases), 10 in number. Mention, 
of what value the products here will he, when those (fractions) 
are multiplied, they being taken two by two. 

Thus ends multiplication of fractions. 


Division of Fractions. 

■ The rule of work, in relation to the division of fractions, is as 

foEows : — ■ 

8. After making tho denominator of the divisor its numerator 

(andafce versa), the operation to he conducted then is as in the 
multiplication (of fractions). Or, when (the fractions constituting) 
the divisor and the dividend are multiplied by the denominators 
of each other and (these two products) are (thus reduced so as to he) 
without denominators, (the operation to be conducted i is as in the 
division of whole numbers. 

Examples in iUustration thereof . 

9. When the cost of halfaj^afeof asafoetida is 3 of a pflM, 
what does a person get if he sells 1 fola at that (same) rate ? 

10 In ease a person gets ^ of a fam for | of ap«?« of red 

sandalwood, what will he get for Iputo (of tho same wood) ? 

11 When palas of tho perfume nalha is obtainable tor f of 
a « what (will be obtainable) for 1 pu«a at that (same rate) ? 

12 The numerators (of the given fractions) begin with 3 and. 
.oon increasing gradually by 1, till they are 8 in number ; the 
Lominators begin with 2 and ai. (throughout, ^-s by oim 
(than the corresponding numerators). Tell me what the lesiilt 
Lwhen the succeeding (fractions here) are divided (in order hj 
the preceding ones). 

Thus ends the division of fractions. 
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Tiie Sqimriiigj Sqmre-Eoot,.Ciibiiig; 

■ Eclot of Fractions. 

with the' squaring, the square, root, the 
id the cobe root ol: fractions, the rule of operation is as 
Hows 

'-'IS. If, after ' getting the'sqnareVthe square root, the cube {or) 
eouberooc of the (simplified) denominator and rnimemtor (of 
e given fraction), the (new) nnmerator (so obtained) is divided 
7 the (siniilariy new) denominator, there arises the result of the 
)eration of squaring or of any of the other above-mentioned 
perations as ilie- case ma} be) in relation to fractions. 

Emmphs m iiliisiraUon ihereof. 

14. 0 arithmetician, tell me the squares of -J-, f, ^2. 

id 

15. The numerators (of the given fractions) begin with S and 
^TOduallj') rise by 2 ; the denominators begin with 2 and 
jradually) rise by 1 ; the number of these (fractions) is knowui to 
3 12. fikil me quickly their squares, you who are foremost 
nong aiithrnetieiaiis. 

^ 16, Tell me qnicklj^ 0 arithmetician, the square roofs of 
» iV) 7uT* 

• 17. 0 clever man, tell me what the si^iiare roots n>re of the 
[uared quantities which are found in the (examples bearing on 
le) squaring* of fractions and also of 

18 The following quantities, namely, -J, | and -J, 

ro' given. Tell me their cubes separately. 

19. The numerators (of the given fractions) begin with 3, and 
gradually) rise by 4; the denominators begin with 2 and 
gradually) rise by 2 ; the number of such (fraotional) terms is 
0, ,,Tell me their cubes quiekly, 0 friend who are possessed of 
ecu intelligence in ealoiila,tion. 
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■ 20. Give the cube roots of and - 24 ^, 

2!. 0 friend of prominent intelligence, give tbe cube roots of 
fclie cubed quantities found in (the examples on) tbe cubing of 
fractions and (give also the cube root) of 

Thus end the squaring, square-root,- euMng^ and cube-root of 
fractions. ■ ■ 


SiiHimatioii of ■ fractional series in progression. ■ 

In regard to the smiimation of fractional series, the rule of 
work is as follows : — 

22. The, optional number of terms (making up the fractional 
series in arithmetical progression) is multiplied bj the common 
difference, and (then it) is combined with twice the first term and 
diminished bj the common difference. And when this (resulting 
quantity) is multiplied by the half of the number of terms, it gives 
rise to the sum in relation to a fractional series (in arithmetical 
progression). 

Emmfles in illustration thereof. 

23. Tell me what the sum is (in relation to a series) of which 
I, and I are the first term, the common difference and the 
mimber of terms (in order) ; as also in relation to another of 
which f , I and f (constitute these elements). 

24*. The first term, the common difference and the number of 
terms are f , 4 and f (in order in relation to a given series in 
arithmetical progression) . The numerators and denominators of 
all {these fractional quantities) are (successively) increased by 2 
and 3 (respectively) until seven (series are so made up), What 
is the sum (of each of these) ? ■ , , 


22 Algebraically S = -f 2a “ r- • 0/. note under 02, Chap. TI- 

2 

23. Whenever the number of terms in a series is given as a fraction, as hers, 
it is evident that sncli a series cannot generally be formed actually number of 
terms. But the intention seeiiis to-be to show that the rule holds good even 
In such oase.s. , , ' ' - ; _ / 
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, ' The rale for arriving, in relation to (a series made up nf any) 
optional number of terms, at the first term, the oommon difference 
and the (related) sum, which is equivalent firstly to the square, 
and secondly to the cnhe (of the ' nnmber of terms) : — 

number' of terms, and one is 
■ the first term. The' number of berms diniinished by the first term,, 
and (then) divided by the half of the number of terms diminished 
by ona, becomes the oommon difference. The sum (of the series) 
in relation to these is the square of the number of terms. This 
multiplied by the number of terms becomes the cube thereof. 

EocmnpJes in illustration thereof. 

',,26. The optional number- of terms' (in a given series) is (ta,teii 
to'be) I; and the, numerator- as well as the^ denominator '(of this 
;fraetion) is (successively) .inoreased by one. bill ten (such -different 
fractional terms) are obtained. In relation to these (fractions 
'taken as the number of -terms, of corresponding arithmetically 
progressive series), give out the first term, the common difference 
and the square and the cube (values of the sums in the manner 
explained above). 

The rule for finding out the first term, the common difference 
and the number of terms, in relation to the sum (of a series in 
arithmetical progression) which (sum.) happens to be the cube of 
(any) chosen quantity : — 

27. Oneffourth’ of the chosen quantity is the first term ; and 
from this first term, -when it is multiplied by two, results the 


25. It is obvious that, in the formula S = — 1.^), the value of B 

becomes equivalent to 7?,^ when a = 1, and h In the multi plication of 

this sum by n, tbere is necessarily involved the multi plication of a as well as of h 
by n, so that, when a == 7i and 6 = ~ — ^2n,.S = u®. A little consideration will show 

'-,1^ ,^-'y 

how the value of h as makes it ])ossible to arrive at n'^ as the value of S 

wlia>teYer may be the value of a, whether fractional or integral. 

27. This rule gives only a particular case* of what may be generally applied. 

The rule as given here works out thus : £ ^ P i 3 p to 2^ terras 

4 4 4 
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common diffemice. The common difference multiplied hy four 
is the number of terms (in the required series). The sum as 
related to these is the cube (of th.e chosen quantity). 

Eccanmhs in iUu&truUon thereof. 

‘>8 The numerators begin with 2 and are successively increased 
1 ,, ■] the denommetes begin *itb 3 .nil -e (.l>o) eneeeanv.y 
in„„..ed bv I ; ..cl lx,th thee. Me of teme the 

„„„.,.to» .nd the deu.mm.to..i «. (eeverallj) fl» (m nnmberb 
In toMion to the.o (ohoK.n fraction.! qn.ntit.ee . give ont, 0 
Mend, the onhie snm and the (eorireeponding) fint term, oommon 
differeiiG'By and oi teims. 

The rule for finding out, from the known sum first term and 
common difference (of a given series m arithmeffeal progxessioii), 
the first term and the common difference (of a series), the opaonally 
Le: sum (whereof) is twice, three times, half, one^hird, or sonm 
such (multiple or fraction of the known snm of the given senes) . 

29 Put down in two places (for facility of working) the 
chosen sum as divided by the known sum. This (quotient;, when 
nitipHed by the rknown) common difference, gives the (requimd) 
d2.«.o^.hd th.t quoti.ht, ,h.n 

hT th« (Icott.) that t..™, giv» the (requmd) to.t tem-ot (the 
sL. of which) the s»m i. either . multiple or a b.ct.o. (of 
known snm of the given series). 

-Examples in illustration thereof. 

so The term (»* * “ «' 

1 , md the Miobcr of t.M.^em mo. (t. the give . well c t he 

The genentl applicability o£ this proeoss can be at oi.oc made out 

* ■ . 1 “ X ('BX)" — SO that in ail such cases the uunibei- of terms 

froiB. tffci© ct|5d8)lityj — ~ \P ) . ■ 1 1 

■ T ^i+inHnno* by tb© first term, wliioh is reioresentablo 

in ©yery case. , r^x n " ■ ' - . 

See not© imfier 84)^ Olia|). ii. ^ ^ . , . . . — 


' GANITASAEASAiGBAHl. ■ , 

required series) is (taken to he) f. The sum of the required 
'series' is of the same value (f ). Find out, 0 friend, the first_ term 
and the common difference (of the required series). 

: ' '31. The 'first term is twice the common difference (m^ieh is 
taken to he 1).;, the numher of terms is (taken to he) f|. ' The sniii 
of the required series is Find out the first, term and the 

.common difference. , ■ 

82. The fi.rst term is 1, the common difference is" f and the 
number of terms common (to both the given as well .as the required 
seiies) is (taken to he) f. The sum of the requffed series is |f . 
Give out the 'first term and the common differeri.ce (of the required 
series). 

' The rule for finding out the number, of terms (in a. series in 
arithmetical progression) 

33. When, to the square root of (the quantity obtained by) the 
addition, of the square of the difference between the half of the 
common difference and the first term, to twice the common 
difference multiplied by the sum of the series, half the common 
difference is added, and when (this sum is) diminished by the first 
term, and {then) divided by the common difference, (we get) the 
number of terms in the series. 

He (the author) states in another way (the rule for finding out) 
the same (number of terms) ; — 

34. When, from the square root of (the quantity obtained by) 
the addition, of the square of the difference between the half of 
'the common difference and the- first term,- to twice the common 
difference multiplied by the sum of the series, the k§epapada is 
subtracted, and when (this resulting quantity is) divided by the 
common difference, (we get) the number of terms in the series. 


33. Symbolically espressed, » = l.i__L f — . of. note nwd w 

6% in Okap. II. 

, For is&pupadai see note under 70 in Chap, in 



S6, See note uader 74, Obap* II* 
US. Bee note aader 86, Ohnp* II. 


Examples in illustration thereof, 

35* Ib.; relation, to this (given) series, the. first term is |, the 
common differenoe is f, and the snm. given is ; again (in relation 
to another series), tlie Gominon difference is-|, the value of the first 
term is fy^aiid the snm is • 4 %. . In , respect -of ■these two '(series), 0 
friend, give out the number of terms quickly. 

The rule for finding out the first term as well as the common 
difierenoe 

36. The sum (of the series) divided by the number of terms 
(therein), when diminished by (the product of) the common 
difference multiplied by the half of the number of terms less by 
one^ (gives) the first term (of the series). The common differenoe 
is (obtained when) the sum, divided by the number of terms and 
(then) diminished by the first term, is divided by the half of the 
number of terms less by one, 

Examples in illustration thereof, 

37. Grive out the first term and the common difference (res- 
pectively) in relation to (the two series characterised by) as 
the sum, and having | (in one ease) as the common difference 
and *1 as the number of terms, and (in the other ease) ^ as the 
first tetm and f as the number of terms. 

The rule for finding out in relation to two (series), the number 
of terms wherein is optionally chosen, their mutually interchanged 
first term and the common difference, as also their sums which 
may be equal, or (one of which may be) twice, thrice, half or one- 
third (of the other) : — 

38. The number of terms (in one series), multiplied by itself 
as lessened by one^ and then multiplied by the chosen (ratio 
between the sums of the two series), and then diminished by twice 
the number of terms in the other (series, gives rise to the inter- 
changeable) first term (of one of the series). The square of the 
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.(nimlier; of' terns; in tte) ; other ^ diminislied bj^ that 

(nmnber of terms)' itself, and ■ (then) climinislied (again) bj the 
■product of two (times) the- chosen (ratio) and the number of terms 
(in ' the 'first series, 'gi^es rise to the intercimngeabl©) coniinon 
cliff erenoe (of that series). . . ■ . 


Emwmfles in illustration thereof , 

■ : '39. In relation to two series, having 10-| and 9|- to (respectively) 
represent tlieiir number, of terms, the first term and the common 
.differenee.are^ iiiterehangeable, the .sum of one (of the series) is 
either' a multiple or'a fraction (of that of the other, this multiple 
oii'lraotion,being,the,,result of -'the;' multiplication or the division as 
the case may be) by means of (the natural numbers) commenoiiig 
with 1, 0 friend, give out (these) sums, the first terms and the 

''CGmnion .differences. ' 


'The 'umle for finding out' and the sum of a series 
in'geom.etrioal progression..:— 

■ 40.. ' 'ThO", first term (of a, "series 'in geometrical progression), when 
^..multiplied.. by. that'self.-multiplied’ product of the oommon ratio, 
in which (product) the frequency .of ' the. oecurrenee of the common 
ratio is measured by the number of .terms' (in the series), gives 
rise to the gwmdhana. And it has to be understood that this 
{gumdham)^ when diminished by the first term and (then) divided 
by the common ratio lessened by otic, becomes the sum of the 
series in geometrical progression. 


The rule for finding out the last term in a geometrically 
progressive series as well as the sum of that (series) 

41. The mtfadhcma or the last term of a series in geometrical 
progression is the gunadham of (another series) wherein the number 
of terms is less by one. This (antgadhma)^ when multiplied by the 
oommon ratio and (then) diminished by the first term and (then) 


40, See note under 93^ Chap. 11. 

41. See note under 95, Gliap. 11, 
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divided by the comiiioB ratio lessened by one, gives rise to the 
sum (of the series). . 

An ewample in illustration thereof. 

, . . 42 . Ie relation to a -series. in geometrical progression^ the 
term is the eomiiion ratio is J and the number of terms is here 5. 
Tell me quickly the sum and the last term of that (series). 

The first term^ the common ratio and the number of termsj in 
relation to the gumdhancv and the sum of a series in geometrical 
progression, should also be found out by means of the rules stated 
already (in the last chapter). *•' 

The rule for finding out the (common) first term of two series 
having the same sum, one of them being in arithmetical progression 
and the other in geometrical progression, their optionally chosen 
number of terms being equal and the similarly chosen common 
diiierence and common ratio also being equal in value. 

.43. One is (taken as) the first term, the number of terms and 
the common ratio as well as the common difference (which is equal 
to it) are optionally chosen. The uttaradhana (here), divided by 
the sum of this geometrically progressive^series as diminished by 
the ddidhana (thereof), and (then) multiplied by whatever is taken 
as the first term, gives rise to the (required common) first term in 
relation to the two series, (one of which is in geometrical progres- 
sion and the other in arithmetical progression, and both of ) which 
are characterised by sums of the same value. 


^ For these rules, see 97, 9S, 101 and 103, Chap. II. 

43. ¥ot (klidhwna anduitaradhana, me note under 03 and 64, C ha] > JT. This 

n («— 1) , 

rule, syrn'boiicaliy expressed, works out thus : = — - — ’‘Aheve d = r. 

— u X 1 

r — iv 

For facility oi working, 1 is chosen as the provisional first term, but it is obvious 
that any quantity may be so provisionally chosen. The use of the provisiojml 
hrst term is seen in fuoilltating the statement of the rule by means of the 
expressions frdidha'iLti and uttarudShana. The formula here given is obtaiBod by 
equating the formula giving the sums of the geometrical and the arithmetical 
series. It is woidli noting that the word Calais used here to denote both the, 
common diiforence in an arithmetical and the common ratio in a geometrical scries. 
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Emmphs in illustration thereof . 

44. Tlie number of terms are 5^ 4 and S (respeetively) and the 
common ratios as well as the (equal) common differences are f, | 
and I (in order). What is the Yake' of the '(correspoiidmg) first 
terms in relation to these (sets of two series, one' in geometrical 
progression and the other in arithmetical progression), which are 
characterised by sums of the same value P 

Thus ends the summation of fractions in series. 


of fractions in series. 

.■The'/ rple for perform the operation of ' vyuthaMta . is as 
follows 

45. (Take) the chosen-off number of terms as combined with 

the total number of terms rin the series), and (take) also your 
chosen-off number of terms (separatelj). Multiply each of these 
quantities by the common diflerenee and diniinisli (the products) 
by the eoinmon difference ; (then) multiply by i/ro ; and these 
(resulting quantities), when multiplied b}' the half of the remaining* 
number of terms a,nd by the half of the clioson-off niaiLiber of 
terms (respectively), give rise to the sum of the remainder-series 
and to the sum of the chosen-off part of the (given) series (in 
order).. . . . . , 

The rule for finding out the first term in relation to the 
remaining number of terms (making up the remain der» series) 

46. The first term (of the series), diminished by the half of the 
common difference, and combined witli the chosen-off number of 
terms as multiplied by the common difference, as also with the half 
of the common difference, (gives) the first term of the remain- 
ing number of terms (making up the remainder-series). And the 
common difference (of the remainder- series) is the same as what is 
found in the given series. 


45. 0£. note under 106, Chap, II. 

46. Cf. note nnder 109, Chap. II, 
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' . 47. Even in .respect geometrioallj progressive seriesp' the 
comiiioii .ra^io.'.atid th^Jirst tem ■ exactly 'alike (in the giteii 
series and in t]ie, cIiQseii”0:h part thereof). ■ ; Therod8:(hnwever);ftis: 
.difference liere: ill .respect o,f (tlie,.firsf term . amoBg) imaairimg 
:iiimiher Gf.'temi.s; (,eoii.stitntiiig' the remainder.-seriesjj- tis^.y th 
.'first term of the (gi.veii)" series, multiplied by that self-miiltiplied,' 

: proiinet'o'f the eoiiiin 011 ratio, in which (pTodiiot) the frequency of . 
oeeiiiTeiioe o,f the eottiinon ra.tio is measured'bj the' chosen-off' iiuraber' 

' of teims, gives rise tO' the fiist term (of the remainder- 'series), ■ 

Ej-caufles' in illustration thereof. 

48. Oalenlate what the '.sum of the . remainder^series is in 

,. relation .'to that (series) of which i.' is the--com.moii difference'/ 1. the,,, 
,' first.'teim'^',aiid.:|:is,fi bo) ■ the- number of ^ terms,. w'he:B.''' ;th,'e' 

chosen-off nnniher of terms (to be removed) is (taken as) 

49. In relation to a series in arithmetical progi*essionj the first 
term is the common difference is and the nnmber of terms is 
(taken to be) When the chosen-off number of terms (to be 
removed) is (taken as) f, give out, 0 you who Imow^ caleulatioiq 
tlie Sinn of the remainder-series. 

50. What is the value of the sum of the remainder-series 
in relation to a series of which the first term is the eommon 
difference is and the number of terms is (taken to bo) f , when 
the chosen-off ouinber of terms is f g f' 

51. Tlie first term is y tlie common diffei'enee is and tlu^ 

Tiumlier of ten ms is (lakon asj -J j and tlie chosen-oil number of terins 
is taken to be } or (. 0 you, who, being tlie abode of hahls 

are the moon shining v/itli the moon-light- of wisdom, tell me the 
sura of the remaining number of terms. 

52. Calculate the sura of the remaining number of terms in 
relation to a. series of which the number -'of, terms is 12, the^ 
common difference is 'ouMs and the first term the chosen- 
off number of terms being 3, 4, 5 or 8. ^ 


^ 1A2, 1 is here used in .tlie clonble sense of ‘ leavinng' and ‘ tlie digits of Uje 


i 
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' ■ :Emmphtrhillmir(nio7^ o/Tyi:itialita'm r^/ci'/Zon ar series in.' 
geometrical progression, 

53. Tlie first term is 7|-, the oommon ratio is f, a;iid, the 
iiaaiber of' aud the'- eliosen-off number of terms is 3j 4 

or 5. Wiiat are the first term,' the sum and the number of terms in 

relation to the' (resju^ctk^^^ 

Thus ends' the injuikalita of fractio'UB, 


■ The six varieties of fractions* 

tiereafier we shall expound the. six :mieties of fractions, 

, M*.^BMga (or , simple fractions), ■■ Prabhaga ' (or .'fractions-' of '■ 
fractions), then Bhagabhaga (or complex fractions), then Bhagami^ 
bcmdha (or fractions in association), BMgdpamha (or fractions in 
dissociation), together with (or fractions eoiisisting of 

two or more of the ahove-mentioned fractions)— these are here said 
to be the six varieties of fractions. 

Simple fractions ; (addition and siihtr action). ) " 

The rule of operation in connection with simple fiiietions 
'.therein ' ■. . 

55. If, ill the operations relating to simple fractions, the 
numerator and the denominator (of each of two given simple 
fractions) are iiiultipliod in alternation bv the quotients obtaincHi 


55. liie inetli .d uf rcdjjchig fractions io common denominators desi-ribi'd in 
this rale to of f»*aotioiis. Tlie rule will he clear from the 

following’ worked out example s 

To simplify J- ^ - Here, a arnl xy are to be mrdtipHed bv s wdiicli is 
t ho quotient obtained by diTiding the denommalor of the other fraetiom liy 
^ which is the common factor of tlie denimmators. Thus we ifet - • 

Similarlj in the second fraction, by multiplying h and yz by ir which is the 
quotient oi)tn,inerl by dividing the first :cleiioaainator xy by y the common fmdor. 


*■© get 


bx 

■xu%' 




b:e az hx 


xyz 
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by dividing (ht^ fleiiomiiiators by incajis of a oommoii factor 
ihtfi’eofi (the quotient dorived_froni the denominator of either of the 
Iraetiom Leiiig used in the multiplication of the numerator and 
the denominator of the other fiuetion )5 those (fractions) beeomc m 
lecbii-ed tis to have equal dcnoiiiinatois. (Then) removing one of 
these (t'ljiialj deiiomiinitors, the numerators are to be added (to one 
another) or to he subtracted (from one another, so that the result 
luai be the nomerator in relation to the other equal denominator)* 

Another rule fm: ari’iving at the conunuu donomiiuitor in 

another manner 

50. 'the />7> (‘'P the least (‘ominuii multi plej is obtained 
by means of the continued multiplication of (all) the (possible) 
common factors of tlie denominators and (all) their (ultimate) 
quotients, in the ease of lall) such multiples of the denominators 
and the nuinerators (of the given fraetionsb as are obtained by 
multiplying ihost^ plcnuminalors and lunnoralors) by moans of 
the quotients derived from the division of the aintcyha by the 
(respective'^ denominators, the denominators become equal (in 
value). 

liAkimpIes in illustrafion ihereof. 

57 and 58. A irncaka purchased, for the -worsLip of Jiaa^ 
jmnhn fruits, limes, oranges, coeoaniits, plantains, mangoes and 
pomegranates for I, jV? I golden coin in 

order; tell (me) what the result is when these ifraetiojis) are 
:)'^':added together.',';. 

o9'. . Acid together.' '1^5 2%j ’si?'? ^tnd Ai* 

150. (There are 3 sets of fractions), the denommaluis whereof 
begin with 1, 2 and 3, (respectively) and go on increasing gradually 
bv one till the last (of such denominators) becomes 9, ]0 and 


UO. TLe i'esuiting problems are to find tlie values of- 


d) 


,4” 


i 


1 X ' 2 X 8 ^ 3 X r 
2'xA + Ax 4"^ 4x"5 


(jii) 


a,)' 


rxV +'4X6 3 .x 6: 


+ 


, i 

A'’ 
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16 (in order in. the respective sets)-; the. iiiiiiierators (of .these -sets 
of fractions) of the 'same value as the.- these ' 
.sets,'- of denoo 3 iiiators),^ everj one of 'iliese (ahove-ineiitio'ned^^ 
(ieiio.iiiiimtors- .ill each ■ set); is m'lil tipiied;, by the n.ext one. (the, .l.ast ^ 
(leiioininator, however, remaining in' each ca.-se ■iinchangec!. for want 
of a further miiltiplyiiig:.deiiomiiiator}. What is the sani ol: (each ' 
of) these (.finally resulting sets of fraotions)? 

61 and 62. (Tiiere ■ are 4 sets of f raetioiis ) , the ' d 0 nommato.rs„ 
.wliercotl begin with 3 and 4 {respectively) and rise s'lieces-) 

■sively ' in. val'iie by !■ until 20, 42, 25 a..iid 36 become , the - .last 
(denominators ill the several sets) in order ; the numerators of these 
(sols of fraotions) are of the sainc value as the lirst number (in 
-these sets',,of clenominator-s-). ' -..And ev-ei’y- o'ne of these ■(de-B.oiiiin.ato.rs,' 
''in'' each.,. set)'- is ^.nitiltipiied,, in order by the.' next' one, ■':(.the4.as't 
-d.eiiomi'ii.ato,r 5 ,,]iO'W^eve-r^ remaiumg .unehauged in :ea,eii ,e.ase),. Wliat 
-Is , the , sum o,n adclmg these -(finally ,resultiiig%set,s o.f fractions) ?.;■ 

63, A man purchased on aoeoiint of a Jina«f estival saiidal- 
wmod, camphor, agarv^ and saffron for a of a golden 

coin. 'What is the remainder {left thereof' ? 

64«:, A, worthy sravaka gave, '.nie'hwh golden .coins-' and teld m 
..that 'I,shoii.l(i. bring, for the purpose .of worshipping.'.. in the temple 
of Jina, blo^isomed white lotuses, thick curds, ghee, milk and 
.,S'ahda.b'woo,d do and- 'of )a.,, golden coin, (respectively j' 

out of the given anioimt). Now tell me, 0 arithmetician, what 
'.'r'emamS' .'afte.r subtracting the .(va,rious)' parts' (so "spent),.',,'. 

65 and 66. (The,re are t.wo.''s’ets':,: of .fra'ctions) the deiiomiiiato.rs' 
whereof begin with 8 and 5 (respectively) and rise in both cases 
successively in value by 1, until 30 becomes rinboth cases) the last 
(deiiominator). I’he mnnerators of these (sets of fractions) are of 
the same value as the first term in each (of these sets of deiiomiria-' 
tors). And every one of the denominators (in each set) is multi- 
plied by the n;ext onOj the last '(denominator) being (in each case ) 
nmltiplied by 4. After subtracting , from 1. (each of) those two 
(sums obtained by the,' addition of the sets of fractions finally 
resnltlng as above), tell me. , 0 Mend, who have gone over to the^ 
other shore of the ocean -of simple fractions, what it is that mmajiis. 
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„ (17' to 71. The denomiaators ■(of' .cerfcaio given iTantioiis) : ai*e ; 
staled ' 19, 23, 02, 29, 128, 85, 188,87, 98,47, 140, 14h lih. 
81;, '92, 57, 73, 55, 110, 49, 74, 219, dn order; ; aad tin. iiuiooratorK 
begiii with 1 and rise sueeessively in value bv 1 (in cuden. AM 
(all)' these (fmotio and give the result, () you wdio have readied 
ike othej* si i ore oi‘ the ocean of siniple iVae do us. 

' V Here, the r'ule fur arri\4ng'at the iiiimeiutors. 'itvheii the done- 
.iniiuuxn^^ of, .a nuiaber of fractions are g’ive„i:i,. is as ^ 

follows) 

72. Make one the nrmierator du vohiliou 1o all the given douo- 
rniiiators) ; (lion, miildply ])y ineaiis of such ; Tniiul.»urs ' as arc 
optiuuaiiy chosen, those niiuicra.tors which (an* i'lerivcd from diese 
fractions so as toi have a counuou denomiaatur. i Here), those 
(numbers) turn out to be the required nuiueraiors, the sura of the 
products wlicreof, obtained ]>y nmltiplying them with the uiunera- 
tors (derived as above u is o<|.aal to itlm riuniorator of’ the given 
sum i of the fractions (ioncernedk 

'Phe rule for arriving at the niuncralors, dhc dunoininatuiB and 
the sum being given as boforeh in relation to such ( fra-etional < 
quantities as have Iheir nnm.erato*.‘s :siiecessively ’ rising in valne 
by one, when, iii the given.! sum iof these fraetionsi, the don o- 
niinator is higher in value tliaa the nniiierator : — 

73. The quotient obtained by dividing the (given/ su.ni n:d' the 
fractions concerned; by the stun of those (tentative irtictioiiB) 

72-. This rulo svill become clear from ibo working' of the e.va'ijap.ie io stanssa 
So. 7A, wherein, we assume I to be the prot^isiional iiumevator in relaiion to each 
of the given clenomiiuttors ; thus we get J> ro sncl ii, which, being* reduced go as to 
have a corainun denoDiiuator, beceiue 4uo d*!* Wiieii the ruiinevators arc 
nuihipliccl bv 3, S and -I in order, the sum of the products thus oi>taiiied bftcomes 
ta,irial to the iiuraerator of the given suui, namelvr B77. Hence, 2, .1, and 4 arc the 
required imuicrators. Here it may be pointed oiib that this given imn also must 
*j?0 onderfetood to have tin? same deBominafor as the common deuominator of tliu 

To work <iat the given imder 74 below*, aocordiiig* to this rule 

.Clciiucing to the same denomlnatorthe fractions formed by assuming X lo I'jo the 
niaiiei'ator hi relation to each of the given donominators, we get -JuU, and 
IHvicling* the given sum IJa by the sum of these fractious we got the quotient; 
3, which l» the mimerator in relation ro the hrst dehominator* /rheroitiaindcT 379 ; 



: J4- : ■ .■.:"(Unii:asIeasangeaha; ; 

w-hicli, (wliile tiio'-giveii ileiiomiaatGi's), ...haYe^ one for the,'.' 

lioiiienitors and^: (arc then, reduced so as to) taYe a comm on cieiio- 
.}:i,d:Eatorj beeornes I he (first 'required) luinierator aiiioiig those which 
''siieeeosivolv'* rise in Y-alue by o/7^?'(aud are to Ije foiiad oiiti. On 
(obtained ■in this ■ division) being divided by flic 
'of the other iiiiiiierators: .(having the coinmoii doiiomioafor as 
above), it, t/.e.,'tlnv .resulting quotient )j beeoines another (viz., tho 
second required) numerator (if ad.ded..to the first one already; 
nlihniiM]'. !n this manner ithe probleoi has to bo worked out) 
to the' end. ' ■ 

f.nnn^jic hi illmtmliov iitereuf. 

74'. ' The sum. of .(t'ertaiii) numbers which a.re divided (respect*.: 
ively I'by mid . .'ll is.:87T. .as. divided by 890. , ,&ive nut. what., 

iruincratoi’s. are (in this operation of adding. fraetion,s)..;, ' 

: '.ITiG .rule for arrivi.ag.. at the (req mired;) 'deiioiniiiators .(is ' ai'' 
follo'w's) ■■ ■ 

)7’5, 'W’hcn the Biun o.f the (different .fractional) quantities having.:: 
aw4Yfo.r .their numerators is. own, the (required) d.eno,n:d.,:nator's.aresueh:( 
as, Ijegintiiiig with one/are in order multiplied ('successively), '}.);?.,:''' 

oidiiinetl in thi=i division i.s ibon divnU-d by tho sism oi iiio remraoitig provisional 
iiinn*>rators, ISO, idving the* tjudiont 1, wbicli, oouibined ^vith tlio numerator 0 , 1 ’ 
the iii'St i’raetian, namely 2, becomes the numerator in relation to the second 
clenuiumatur. Tbe> remainder in tins second division, vis:., t'O, is divided by the 
]froviskmal juimefator 00 of tho last fraction, and the <|iiotiei}t 1, when combined 
with tiie immerator of the previous f ruction, nanml}' gives rise to tho numera™ 
tor in rolaiioii to tim last denominator. Hersce tlie iVaorions, of which Mt is 

the sum, are it’, vh nnd’iV. 

It is lioticeahle here that) Uie uamcrutoi-te successively rouiid out. tlms become 
the required numerators in relation to the g’iven deoominafors in the order in 
which they are givom 

Algelu’uieally also. .gitcJi the deiionnuators a, 1/ A e. ia respect of fraeiions 

te- p h 1) ac + (a? + 2) all , 

wiiosesumis ' “bUe numerators .r A 1 and 

-I- 2 are easily Joniui out by the method as given above. 

75. In wnB'kiiig oat an example')^ according to the method stutod liereiiq ii- 
wiH he fouTsd that when there aie -n fractions, there fire, after Icavirfg out 
!liH first and Urn last fractions, terms in geometrical pi o^oi-eKidon with i as 

rhe ilrid bnuti and ,, us ilic common ruiiu. d'he biim nf ihest w ~ 2 ttu-ms is 

^ 3 

^ j ■■ , wddcU wdien reduced becomes hich is the saMc* 
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Ifnri. 1i:<> and tlif last :«lt>uniniiiiit<n’s ».■ uldaiued. l.c-r/' 
howf^v '.'i*'' iiiult-ipliod hv 2 Jitid ' rcspcctivolv ^ 

Ksamphs m ilkiPrnfion N»]nqt'. 

i(... Thrt smii of five nr six nr srvra (ri;ilVreut fiadinjud 
.iuautitios, havitiy ! for (each nf) rhoir niimr-raiors, is 1 (hj eacii 

Ciisn). 0 yon, who know arithmetic, ory wlmt the reiiumai', 

dotiomi/riators . are. 


Tlio rule for finding out tlio denorniriaiors iu the case of a., 
iineven nvmiber (of fractions) : — 

77. When the sum of tlioi'differcnt frantwmai) quantities, havimi- 
owfi for each of their numerators, is one, the (required) denominatoBs 
are such as, beginning with fwo, goon (successively - risiug in -valne 
bj owe, each (such denoininator) being (further) mnltipliwl by that 


'(M I a, X - From this it Is cltmi- that, tUu n tie Urn f Tractitm ^ aii,| 

tli« 'last iraetion , ■ ip:-;t.hi8; last (sa : .7 i;;'' : i. ;'7'' 

In iUI« t;oiinection It may he noted tliat, in a in geoiiiatrical 

oonsiKtlog' of m ternis^ haviaj? — as the first term and ^ ns the comnum ratio the 

sura iSj for all positivo infopul values ■of. a, ■lessdhaii --i- bv™.— ' v' ' ''tv-' 

■ ^ . ' a — I ■■ 1 , (■ , - the; 


e - ' 

(ft b i)tli term in the series. ■ Thcrefoi-e, ;il;we add to ihe'snra of dim senes "in: 
ecmmeiiitra! prowsdion x the i> F 1 Vh term, whieh i» the Ut^t iwetion 


lio^cordiiitr.to tlie -.rule ^^tateti -in tdflg;8tansi5a,iewe'\-<f.et; 


'U-,[ 

■ imve to(a4U in order to;,gCt l aHUfe 

: Wio: first Iraotioif. and ■«„: 3 fe,tkceatoo:c!ii.a,f 6 r ■ sinS ^ the nhmcrsbv 

;:p:f;a;ll:dhcefractd0:EsJias'tceJ>el.:^ »wnioi4dpr 


■ I’o^ this'— 


» We 


Ol'> 
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(numljiM*) whieh h ('iiimiediately'^ next to it (iu value! and then 

halveii 


1lif‘ rule For arTivin<jC at the required ) cleiioraiiiatore (in tiie 
id' certain intended fmetioiisj, when their immeratorK are 
ir'ach; or other than one^ and when the (’fraetioii ec^nstitiitinff 
ilieir^ Hniii has om for its numerator:-— 

Wlieit the sum i of certain intended fractious) has for 
its liimierator, then (their required denominators are a,rrived at b}' 
tftkiiig'5 the denomiiiator of the sum to be that of the first 
u|iiai:ititv.o taking! this i ilcnomlnator > eoiiibined witli its 
own ireiated) numerator to be (the denoiiiiiiator) of the next 
(quaiititj) and so oiij and then by multiplying (further each sueli 
dtanoiiiiriator in order) by that which is (imniodiatelj) next to it, 
the last (denominator) Iseing (however multiplied') 1)j its own 
(robited ) TiuiiieFator. 


70. The sums (of certain intended fractiojis) having for tlieir 
iioiin?rators 7j 9. 3 and 1*3 (respectively) are (firstly) 1, (secondly) 


and (thirdly; i. Say what the denominators (of those fraelioiia] 


cjiiantities) are. 


The rule for arriving at the denomioators certain intended 
frait'ions ! having one for their numerators, when the sum (of those 
fractional has one fu* (any quantity) other than one for its 
iiuineratoi* 


78. Ali^enniuvaUv, if rho sum is — , ond ti, h, t\ aivl d are fch('‘ ffivon 
" ‘ n 


trncrioiis suiumt^d np nru as below i" 
n b 


'H (rt -f- a)-' (jh it) {n -fa-!-/))* (/?• 4- a -f- h) {;)i + b -f c) 


d 



tl (ji “f « -I- h •j'’ e) 

— ('5-' 4* b) -J* hu 

•n 4* e) (n 4* (i. 4* 5} (B' 4* 4* ?>) (•i'l' 4- a -f -f c) 

'4* h) \ ' 'I 

Hh 


c a + b 


n (« 4* a) (n -f ' a 4- b) n 4-’ rf ’ + ’ b 
'f li + 1' 

■ H (n 4* cf 4^ I) Ti 




4 
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SO, rhi‘ (1< ii.Jiiiisiatui' .jf ilir gfvMi sura ^ wlini rMiuMiitsI mafli 
an M|jliun'i!ly (‘hnscii t|{ianfiiy and thun dhldod hj f-ho iiiinnn’atHr 
of that yiiiii N'} ;w tn leavn no rnniai^idsay tlin >r 

related iu i]m llrsi. liiiniertitor the iiiteuded series of fraetloiis,' ; 
and tJie f{i]>o'Ve> optionally ehosoii quantify, when divided 1>j this 
olinioniinator of tlie first fmetien; and hy tin* slonominntor rjf tlii> 
.jjjiveni siiiii, gives rise to ijlie sum of' the reomming ' fnieiluns in 
the series a From ibis i known mm of: the reniiuiiiiig IVaetions in 
ilm series, the dotemiinatiim ^ of the oiher tlenoiiiiinitors is to S>o 
earned out's in this very manBon 

Emmfdes in iUmsiraMfm M 

81. Of throe (cliffereiit) fractional quantities having 1 for s‘aeh 
of their numerators., the sum is and of 4 isimh other qiianlilies, 
the Slim is) Hay wdiat tlie denominators are. 

dlie nilo for arriving at the denominators (of eortaiu iritmided 
fractions) having idther om or yany number) oilier than om for 
their nnmoratorsj when the sum (of those fractions) has a Eiirneriitor 
othor than one 

82, When the known numerators are 'lYmltipliod by teerfiiiii) 
chosen quantities, so that the sum of these rprodmds) is equal to 
the numerator of the (given) sum (of the intended fractions), llieiii 
if the (lenoiniiiator of the sum (of the intended frnctioiiHi is 
divi<lecl by the multiplier ( with which a given imniorator ibasi itsedf 
(been nniliiplied as above), it gives rise to the required doiiominaiui 
ill redation to that (iiLimerator). 


so. Algebraically, if ^ in the i^um, the I’mction is - 

n it ^ 

a 

ef the reiuaiishig fracsioiis is iiieutioE«^d m the rclc? to he „ nvliere jmh the 

it HI'* jji i * * 


o|h”anQally ehoseu (jaanthy. 'I’his - 


Is uhtained olnnouijly hv 


W<‘.- miw% here »‘ivq Rneli a valwe to f thatv-^ -f ?> bet?(w.ue8 exactly aivmihio bf a.' 


GilNmglEASA^K«:BAHA; 



Exinvple^s hi lUmfraHtm 

, 83* Saj wliat tlio iloii.oiiiiriaiors:a:re ollliroo (diilereiii fraetioiial) 
ipaiititfc^ eaeii - of whieh- has 1 for its nioiii^ratordwlicai the siim 
(of Itiose is :f|. ■ . ■ 

: 84* Bay wha.t the deaoauiiators are 'of three ^ (fraetioiial qaaiiti-^ 

ties) wMicli have 3, '7 and;- 9 (respeetivelj), for their n.amerefors^': 
when the s rim (4)1 ■ ' 

The 1 ‘oJe for niTiviiig at the (.le nominators <.>f hvo (iTaetional) 
ijnaiitifies wkieli liavo for each of their riuinerators> when, the 
mn\. lof those »|nautiiies) lias O'lie for its iininerator: — 

'85. The '.clen,omiiia.,tGr of- the. (given) sum iiiiiltiplied /by any 
^i:iiosimi:iiioibe,,r is, the denominator (of one of the intended fraotional 
rinantities) ; , aiic!.. this (clenoiniiiator). dhdded by the. (previously) 
uhoBeir (iiiiinber) ' as .lessened ^by 'one- /gives rise .to:, the,, other.:' 
(required denominator). ; Or,: ''when ia relation, to the deiiomiiiat,or/ 
of the (given) sum (any ehosoii) divisor (thereof) and the 
'q.iiotieiit (obt.ai,ried th 0 .rewitli) are (each) multiplied by their sum, 
they give rise to the two (required) denominators. 


Eaymiple^i in iilmtmtion thereof 


the denominators of the two (intended fractional) quantities are 
when their sum is either 4 or 7 ^,-. 


The ilrst rule for arriving at the denominators of two 
(intended fractions} whieh have eiihej* one or (any iinmljer) oilier 


8."). Alf4:r‘bi‘aic;illy, wlum -■ is the sniu of Iu'd iiiitaKu-jfi Tracliuiis, iIm* O-U'fion 


aneon|ing 10 tliis rul(^ nre 


is any choB^ai qaantiU . It v, ili 


seea at enca tliat Uio sam o£ two fi-actions is. 


the fmetiuuB uuiy be taken to he 
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I'iiaii l»u‘ their luimeratorsj when the iol' liiosc l'ruetiniEs)hfk'; 
cnfber e//e er (aiiv iininhor^ otkor than ene for ih'> Hueiernfcof : -•• 

Sl\ (hlither) iiranerator imililiplicd bj u diosoii ^ iiiuabcr;/Jitri 
I innbiniMi with ilie oilier uiiiiieraj'^n*, f 1 m - u hlFirlod ^'>y the iiniin: rater 
of t!ie (g'ivijij riuii o£ the iukiideti freefcion>J asti^ieo\e no 
fiaruiinderj noii liioii divided hy the (above) e]lo^ell iiniiibii* einl 
iBulifiplied by tlic? deiioniiuatot cd tlo' (above) siuii ‘.of ibe iidcialed 
li'uetioiiaj. ©ives rit^e to a u*equirod) deaeiuinal-or. The tlcfioini* 
liator «d' llie oilier \fractioiib iiowoTer. is Ihi.s (deiioiiiiiialor) 
uuilf.ipb'cd hv tie? (above) ehoHoii (t,|au.ntitv}» 

Ijd'tiniplvs in 

b 8 . baj wiiat the dciioR limit aic o£ two (iulcmiob fraetkajid; 
fjotiiiiilies wliieh have 1 for eaoli of tlieir nuiiienitoivs, wheii the 
(of those fmctioTiai quantities) either 'I or | ; as al80'o'f" fWo 
(other fractional qua.iitiiiesi whieb have 7 imd frcspeefivel} ) for 
(their) mun orators* 

The second rnlo (is as follows) :— 

Mb The mimenitor iof one of ibe iuieiideb. t>aetiou»>; aa 
multiplied hy the donoHiiaa-tor of the. srim *of the infcmdeii 
fractious), when cuiuluned with ilie tuher numerator and thou 
divided by the niouerator ol ihc sum (of the iuliuided fraetioiiw), 
gives rise to the deuoiiiiuator of out* tof the fraetioiis). This 
{do'UoiiQiiialor)j when, rauliijdied by the clcuoiniuaior of the sum 
(of the iiitemled fraedions), becomes the cltuommator of the oihor 
(fraction) . ' 

S7. Ak’i'nmicalh 5 ii‘ is I he sum t>l Uxo iiiteiifietl fnu’Hon.s with e .aid If 
n 

CK h 

{js iheb' liumei’atitv*, tle-u flie fnietbiis are— atid ■- ; , v, here a 

av + e n rtp 4 * b -ti ^ 

‘*. 1 , p >ti p 

Is f!e\ nuiuber yo elujsen lhai 4 h is divisi'ele hy TIte t-uai v>l i he.'sc IVcii^ileaSi 
it wiii ne ioaiid, is 

Sir ajlus ralie is uidv a rurtieular ease ol;' the rule gi von lu siaiiKa Ko. S'7j as 
Ui 0 UeiiouMiiaier in* the $ina ol the iutended IVaatiojis h M«|}.srituted iti this , 
rale lor ili# yyaiiiity to be clioficniu the pievious mle* •_ 
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■pM^^ampIes in Ulmiratton thereof , i 

me wHat the denominators are of two (frac- 
have i for each of their linmerators^ ■ 
intended fractions) is f ; as also of (two 
Sections) which' have 6 and^ 8 (respective! j) for 


'I, is -dn and is 1. 


'M 


'When' is, left out .here, 
Ipi ■ having 1 (foi* each of their' numerators) have ' 
||d-'so as to give the same total) ? 

i’' i 1* here/ : 

"plllphaving 7 and '11 for their numerators should ■ 
.to give the same total) ? 

iSiirilving . at the denominators (of a number :• of , 
Ijhy'haking : (them) in .pairs:-— ' 
lingmp the. sum '(of all the intended fractions) ' 
fehaving one for each of their numerators' as 
of) pairs (among the given numerators)^ these 
‘^(severally) as the sums of the pairs; (and 
.juired) denominators are to be found out in 
^||||i-rule relating, to, two. (such' component': 

Wirr ' • 

^ Examples in illustration thereof, 

::;||hddenoinmator8; of , (those '■ intended), "fractions' 
'.9 and 1] « when the 'sum. of (tho,se,^: 

dipiis 1 .or-"! 

-i||Sving .'at' .(a^ number of)'denom.inators,,,,'with/, 
‘ bminators that have one as (their corresponding) 
.•■'re arrived at according to one of the (ah^eady 
•mnding out tlie denominators), as also with the 
iihators that have one as (their corresponding) 
‘tro’' 'ajTived at according to any other of those 




liti^ ^ two {i[n^*uh. 30 !a liiivo Ihtu preii in ^^Ihuzhb ' 


re A FTK ill— oNs. 



wl'ieii ilio siuii (of all ; and sil>o 

{file rule's for goftiiig ii\ (tho value of} ihe pari that hd’t oni : 

Uo. llio diiioiiuiiatorh? ticuu’vu'd io aeuorcoiHoe witli (an^ s 
riiauAvlivii isoverallv) oinltipijVl hv lh^* cieiioniliaiJors dorivci! iii 
rieeordsiuco '\\illi oaoiiier ride* i Iir* i roiraifKi) iieiioniiiialtON. 

Ttio yniu (o! ali the fractious), diouddshed hy tnv sniu td' llio 
hpeeifunl part itlioreofu gives the lueasuri* of 1lie nptisaia'ilv lol't- 
out paxt. 

Iif‘fh}l hi iUmffhfpni ihph(>il\ 

no. The ouiiiWr of fraetioiis (ohiaiiied) hv rule Mo, 77 is KrS, 
aiid "I (is ohfainetij bv rule Nh. 78. Wiicui the sniu (of the 
fractions arrived at with the help of Ihose rules . is 1 /how many 
are the (eoaipoiicnt) fractions ? 

07. Thu lUHuber of fractions (obtained) by rmle No.78 is 7^ 
and b (is obtained) hy luik No. 77. When ihe mim (of the frae^ 
tioiis armed at) with ihe help td these (rules,- is K how many are 
tlio (eoiiiponejii) fractions? 

t’ertain fraetiems are given with 1 for oiieli of their iiiimei*** 
atnrsy and 2, 0^ 12 and 20 for their respeetivo denonriiiaiorf?* Ilie 
(fifth fraotioual) «.iuaniity is here left out. The sum of all (these 
live) being I, what is that (fractional) ijnautily (wliieli is left 
out) ? 

Here end Simple Fractions. 


Compoiiiid and Complex Fractions* 

The rule for ( simplify itig) compooud and omiiplex fraetious ;~ 
fh). fii (simplifying) rtompouml fractions, the multiplicalion of 
t!m numeraiors (among tlicniselves) as well m of the denominators 
(among themselves) shall be (the operation). In. the operation (of 
Simp1iii(‘at5mi) relating to complex fractions, the denominator of 
(the fraeiion forming) the denominator (bceomeB) tlio multiplier 
of the niiinber foriiiiiig tho numerator (of tho given fmoiion); 


im I’licj conuilex fuiotiim here Ueali >vitb Is of iht* sort which huft tuj htvg'vr 

for tluMHiowmior lAiid ij. fnict-kni ior thodeiiopuiiatoj*. , , . , _ 
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Ma)(ihtpleis m tvinponmi frai^l inn.^. 


lOi) k) 102. To oftor at tlic Xuut uf Jiiiii, ioiiiseSj 

'jafsasriiiieSj ke'lf^l'h and lilies- wei*e piuTdasecl iri rekiiii 
meriL <A: T of L i of | ol I of i,..! of + of ■ }'ot i of .|vT'Of; 
1: y 7 of I of “J of T of A of of } of k I of ■} of h of A, 

'aiid'd of Tj of ih pana,:'-- Sitiuoip. these- (paid ^-quaiitities). aii'd".giT,e', 
out the result. 


103 and lO-l. A certaiii pomai gave (io a veudor) A- of K 
!• of I' of -v of k f of f. and f of A'j vOi a patjif) out of ihe 2 
pchHff^ (in his p()sscssio!}j, aaid broiiglit fresli ghee for >: lighting) Ha'; 
lariips ill a'diu t-emple. 0 friend, .give .'out:, wiiat the remaiiiiiig,: 
halancM:) is.. ■ 

105 and 1,00. If you have taken pains in eonnectioii with 
■eompotiMlraction (the resulting Siiiii) after „addiiig.tb,.ese; 

(.iullowiiig:, iriietioiis'/ uf I? of .iV. o.'f 'iSrs of T? 
andi.uf 'I .'of ''-'A 

The nile for finding out the o.ne luiknowii (element eomnion 
each of a set. of compound fractions whose sum is given) : — 

lUT. The given sum, wdieii divided Iqy whatever liappexis to be 
the sum arrived at hi aecordanee with the rule (mentioned) before 
by ])uUiog down aacin. the place of the unknown udomeut in the 
compound fractions), gives rise to the (recpiired} aiiknown (clement) 
in (the summing up of) compound fractions. 

An emmpk m illmi ration t hereof. 

108- The sum of A'> i f>f ij i of Aj A ;| <d‘ A; ef a, certain 
tpuintity is A. AVhat is this unknown ( rpiantity) ? 

Tlu^ rule for fijiding out more than one unkmAvn (element, 
one sneli oeciining in each of a set of eoinjiound fractions whose 
sum is given) : — 

109. Make the unknown (values of the .various pariia.ll 3 "”knuwii 
Compound fimetions) to be (equivalent to) such optionally chosen 

loC, Tius rule will be clear fram ihe {‘ollowiDg* workiir^ of ilu? pruijliMu gi^uii 
iti shouaa No. 110 

iu> 'k t'kr siuo ol‘ ibo miendod Inictious, into a iVaciioos accoraiu^* 
1.0 .rule Ho. TSj we get A and Making theisc tbo value's ol' ihc rkreo 


cn A.rrrn in — fk m tioss. 


; 6 I 1 

1 ;^, gjvt^o euinpuyiijl fi\if> 
tfuii'K linve lli»'ii‘ gntn o!|ual fn l\w siuiiS (of iho pritl J^j!! i 

islcvi\ fniclioiK; : ihju iiinn'l v t 4 u>stMr> 

Aiiiiubof tihMirJuiMWii lov mV ij’ju' 

Liimwii ’ i'looii^nlsj respcerivolv^ 

1 10. 0i1ie fullowiB^ paii’ullv kno\\n tsniiipound inicf ions, li/., j 
I n| ;i i‘<‘i‘tahi i|itant!ty, p of 1 of joiothor '.piaaf ity), aiol j of 
'i of ,\of} ofiotihor (c|iiai]t-ity g!\'o i*Iso fn'i hs ^tfioir) -oiiii. Wliat 
iiroiiif* imkiiowiii (oloivionts Ikoo i?i josipoot'. of tIi«so f'oriipoiiiul 
■■fraoi'ioiisj ^ 

E:r-(mpieh‘ m vmrplt-it/iw-f-mm, 

II J. (t>i?eE) |'5 and wliat ibo siisu is whm tiioM* 

are added. 

1 12. -Ifter ssiibtraeting A, -y, and iilso % and from |*i\( out 
the reiriaiinlcr, 

. . Tims end Oompoimcl and Ooniplexo JilraoticmH. -.■ 


lihiiffFi w w hmidh u Fractions, 

The rale in res^peet of the (simplifieation of) BhapannhmiMn 
or associated fractions : — 

113. in the operation eouixnniiiig dine siinplilitnitio of; the 
Bhngfiitnh^hidha class (uf fractious), add the imiuorator to the 


eailiully ki!o,^’i! compoaiut iVu-ciioiiS, w»* divMo rlffia hi order by L * of uiifl § 
of t roii|MH‘fivoiy. Tho fraotioi s thus obtained, vt^, h ’.j\ and *], tiro rhe ^loanfllb'ji 
to, bo ou{(. 

113. BhiijtniHhandhd lliorally means an assoeisUod fraction- risis itile coiil-rw- 
j*lutos two kinds of asscxdatec! Craetioas. TUo first is what Is known ua aouixosi 
lumibor, a fraction aBSodaiccl with an iaio<^’er. The sceoiKi klini coiiwsts of 
fractions associated wdth iVactions, e.g., i assooiateci 'with | associated willi. 
Its own ;t and with \ of this assocmed c|naiitity. The espressloih* J asstwkf.t^d 
with i ” ineaiis 4 “ I of J, The meaning of the other eitamplo herf^ is | + I ef 
I + I of (i+1 j)- cf rcdatiomhip is wiiat is denoted by mmixmthm 

hi additive canseciitlOH. ’ 
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f,.ro,l»,* ot tte AS«oci«t,.d) «Wo nn.mVi- imiltiplirf hv Hu- 
, iWI.™., hc.wCT«.ll„. «»(«■ '('“'Wy “ 

l.nt i. t.«li»nal>, ««■ 

a,„l dommuiuitot -I tte fli'* (toctio", to «lmli tlio othei ti.Hhon 

is attaehoii) by the denominator eombinocl with the unmeinior, and 

hy the. deimminator (itself, of this 

_£,;v>,pk.s on Bhagnnubaadha./hrc/^hiis ,onfoin/n., 

" ^ . mieijers. ■ 

114 S'h'kas 2, 3, 6 and 8 in niunher are (respectively) associa- 
ted wiih -jV^ i, i and f. 0 Mend, subtract (the sum of these) 

115 Lotuses were purchased for 1.4, camphor for 10 1, and 
saffron for 2i («*«»). What is (their total) value wnm added . ^ 

116. 0 friend, subtract from 20 (the following) ^ 

' lir. A person, after paying 7), 8i, 9i and lOi oflffledy , 

in worship in a Jina temple, garlands of blooming kuravaha^ hmda, 
jail and moWi flowei-s. 0 arithmetician, tell me quick.y fthe sum 
of those mn-ps) after adding them. 

Exampha on Bhfigriiinhandha/?wrf/oHS eovMiihip ossocwfed 
fractions. 

118. (Here) 4 is associated with its own 4 and with ) (of this 

asso>,bited quantity) ; and 4 also (is similarl)- associated) ; } is asso- 
ciated with its own 4 and with ^his associated quantity). 

"What is the value when these are (all) added ? 

119. For the purpose of worshipping the exalted -Jinas a 
certain person hrings-flowers (purchased) for 4 («»«) associated 
(iu additive eonseention) with fractions (thereof) coramenemg 

with 4 and ending with 4 (in order) ; and scents (purchased) lor 

.1 (niska) associated (similarly) with 4, 4, 4 and 4 (thereof); 

‘ and incense (purchased) for 4 {niska) associated (similarly ) with 
4, and 4 (l^iereof) : what is . the sum when these {nkkas) are 
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120. 0.' friend j siibtTact (tlio following) from Sr -J '' assoeiatecl 
with. J; of itsoif and with "X of this 

Vvdth and .1 of ilsclf (in additive coii:^eeiiticri}. x (siiriilarlyl 

Willi fJVaer.:oiL< ilioreof w enuinwfdng with I and eiuling 

with d, and associated witli I oi it.sel.f. 

121. CJ fi'ioiiu. voiy vJio ]jave a thorough kiiowle*lgoor H/iiiijri* 
nvJiandlHi, give out (the resrilt) after ii cl cling associsitnrl wirJi k of 
itself, '/j- associrded with. |'of itself^ }■ associated with J of lUeM^ 
I associated with X of itselt and x associated w,itli -X of iisellh 

Now^ the rule .for finding out the one iink.iiowii (c-'leiueiit) at 
the begiimiiig (in each of a iinmber of ; associated fraetioiiSj tlieir 
Slim being gi Yen): — 

122.. The oj3tioi) all j split up parts- of the (given) ■ sioiic wliMi,- 
are .efiiai (in tlio (intended) coiripoitOBi elemf 3 iife 

(thereof), wlieii ..divided iii.order bytlie .resnltmg !|iiaiitities arrived - 
at by 'taking to be the assoei.ated quantity (in .relation to tliese-' 
compoiieiit- elenicfiits), give rise to the value of the (recp.nrc.Hl) 
nnkno-wii, (quantities in. association). ; . . .: ,.h" Xc: (( 

dExamphs m ■ illusiraiiond . x 

123. A, certain fraetioii' is -associated, with- |r, x and -I of itself 
(ill additive e()jiseciitio,n) ; anotlier (is- simikirlj'- associated ) with 
1. and of itself ; and another , (again is .similarly associated) 
,with,|,: ^ and, | -of itself ; , the -sum of these (three fractions so asso-:' 
ciated)..is 1 : what-are iliese.tractionsh.- . 

■ 124. A certain fraction, when associated (as above) with 

,'|.■and -|mf' itself 2 becoincB f.-' hTell me, friend, qiiiekk thc^ measure 
.:-o.ithis(,nnkii9wn' 


122. This rule *vil! bt^ elerw from tlia v^orking of example INo. 123 m explaiiiie<! 
neiow.:-*^,': - -'I---'. V ' X.-- V- 

Tli(‘re are tli3‘oo £<ets of fractions gwen j and splitting ijpiliesiimj .1, Into three ' 
fractious according to rule No. we get I, i and By dividing these fractimjs 
by the quantities obtained by simplifying the three given sets of IVactmiiB 
wherein 1 is assumed as the uiikinowii quantityj we obthm v> i ^hieh are 

the re<|aired tyuan titles. ^ 


m 
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.The mto ior fiBtiing out auj nuloiown fraction m otlier 
im|iiiix4 places 

125. The optionally split up parts of tlie (given) sum^ wiieii 
divided in order by the simplified known quantities (in the 
intended Bhdgdrmbanclha fractions), and (then) diminished by 
ow, hecoiiie the unknown ' (fractional quantities) in the required 
places of our choice. 

Thus ends the Bhdgdnubandha (of fractions). 


BJmffiipavdlm Fractions; 

Then (eoiiios) the rule for the (simplification of) 

(or the dissociated) variety (in fractions) : — 

' , '126. In the ■ operation concerning (the simplifi cation of) the 
BMgdp^mlia 'dmH (of ■ fraetions);.subtract the numerator from the 
'. (product of the dissociated) whole number as multiplied by the 
.deiiominator. (When^ ' however,,, the dissociated quantity is not 
integral, but is fractional,) mulitiply (respectively) the numerator 
and the denominator of the first (fraction to which the other, 
fraction is negatively attached) by the deiiomiiiator diminished 
by the numerator, and by the denominator (itself, of this other' 
fraction). 

■ Bxtimfles on fractions eohtaining dmociated 

■■ integers, 

'1,27.. KarmsB, 8, 4 and ' 10, diminished ,'by a,nd -J- of a 

harm, are offered by certain men for the worship of Ur thaifkaras. 
What is (the sum) when they are added ? 


12-5. Tlio miUiod given in this rule is similar to wiiat is explained midor stanza 
No. 122 ; only the results thus obtained have to be, in this case, ea.ch dlminisliod 
by owe, 

120. BMqfffamha literally means fractional clissociaiion- As in 
imdha. there are two vai-ieties here also- When an integ^n’ and a fraction are 
in BMgfffavifim relation, the fraction is simply subtracted from the integer. 

Two or more fractions may also be in such relation, as for example, f cSissoci* 
ated from of itself or | dissociated from i, -J, and | of itself* It Is meant here 
tiuit 1 of J is to be subtracted from § in the lirst example j and the second exaai])ie 

comes to f— tf of 1/— I of (?— I of f) - 1- of f — 4 of f-— J of ( ? — J of f ) | . 
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128, Toll 111 , 0 , .friciirl, quiokij flic amount of the iiioin^v ivmaiii- 
iiiir a!'te,r siibtraeliiig from 6 x 4 of it,' (the quaatilieT^ !6 7 arol ti 
as diiiiiiiisiioi'] in rmioi* by I, and |. ■ 

, IjJitigsi.pavoTa/ivrdioH,^ 

frmiiom. 

Add I, I, 1 aiirl t wliioh are ^‘ospef*ci¥ely) diioiiibhi‘»i 
It h I of tliemsolves in order; aud (iheu) give out 

(ibe rcHii!!)- 

140. (G'iveii) f of a pam diiiiiiiished by J-, -J- and of 
itscilf {in coriS(3Ciitioi:i) ; (siiB'ilarly) dimiiiislied iyv f find of 
itself ; I (siiiiiliiiij') diiuiiiished by | and }j of itself ; anil aiiolliiM* 
(qiiaiitity)yviz. 5 1 diiiiinislied by I of itself— when these are (all) 
adikd. wiiat is the result P 

' 13L ■ If you iiavAj takni pains, 0 friend j in rolaiion to B/^dr/d-- 
pamka fractions^ give out the .reinaiiulor after sulitraeiing from 1| 
(the following quantities)': |- diminished (ill eoiisecution) by ib :1' 
and of itself ; also -I- (similarly.), diiniiiished by i, 4 and I of itself ; 
anti (also) 4’' (similariy) diininisMci.'.by ;aiid >| of itsoll 

Here, the rule for fioding out tho (ono) uulvunwn oloinoiit at tiie 
beginning (in each of a iiiimber of dissociated fraotionsj their stun 
being given):— 

' 132., The optionally split up parts of the (given) mm which arc 
equal (in number)' to the .(iiiteiided).eompoBent elements (thereof), 
when divided in order by .the .resulting xiim arrived at by 

■takiiig one to be the dissociated..,.qnantity (in relation io these 
component elements), give rise to the value of the {required) 
unknown (quantities in dksoeiation). 

SmmpkH in illmimiton thereof* 

133. A. certain fraction is diminished (in consecution) by I 
and "I of itself ; another fraetion is (similarly) dimiiiisherl by J, 
and i-of itself; and (yet) another is (similarly) 'diminished by 


133. Tke working is asimilar to wkat lias been es|>lained under Eta«a» Ho# 122, 
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A of itself. Tlio sum' of these (quantities so cliiiiiiiislied,) is -I* ■ 

What are the miknown fractions here r* 

134 A certain fractions diminished (in consGcution) by -ij, '^-5 -g-j 
■I and } of itself, becomes -J-. 0 you, who know the principles of 

arithmetic, w^hat is that (unknown) fraction ? 

The rnle for finding oat any unknown fraction in other recfuirec! 

places (than the heginning) ^ , 

135. The optionally split up parts derived from the (p’-en) 
sum when divided in order by the simplified known quantities (m 
the intended Bhdgapavaha fractions), and (then) subtracted from 
one (severally), become the unknown (fractional quantities) in the 
(required) places of our choice. 

Thus ends the ■v'ariety 

The rule for finding out the unknown fractions in all the 
places in relation to a Bhagambandha or variety of 

fractions (when their ultimate value is known) 

136. Optionally choose your owm desired fractions in relation 
to all unknown places, excepting (any) one. Then by means of 
the rules mentioned before, arrive at that (one unknown) fraction 
with the help of these (optionally chosen fractional quantities). 

Examples in illusiration thereof . 

137. A certain fraction combined with five other fractions of 
itself (in additive consecution) becomes -J- ; and a certain (otherj 
fraction diminished (by five other fractions of itself in eonseontlon) 
becomes i. 0 friend, give out (all) those fractious. 


i;j5. This rule is similar to the rule already given in stanza No. 125. 

The previous rules here intended are those given in stanzas 122, 125, 132 

and 13o.^^ working out the first case in this example, choose the fractions J, 1, 
and ’’ in places oiher than tho beginning i and then find out, by the rule given 
in stanza 122, the first fraction which comes to he 1. Or chousing .1, ?, t, and a, 
and out the fraction left out in a place other than the beginning in accordance 
with the rule given in stanza 125 j the result arrived at is f. Similarly, the second 
case which involves fractions in dissooiatiou can be worked out with the help of 
the inileB given in stanzas 102 and 1S5* 
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Bk dgmiiH fr Fractions. 

1 he rule for (ihc simpiifieiiliou of) that p|ass eh' fraetioiis; 
wliieh eoiiiaios all the foregoinjr raneties of iVactions 

K>8* 111 tho ease of the IVnhjfrMfiir ot fiaef-ioiis (or 1!tai 
elass of fraetioiis whieli cob tains all the foregoiiig varieties), I lie 
yes|K3etive rules periaiiimg to the (diileroiit) varieties beginraiig 
with simple iraetions (liold good). It. is 

tw(nii;j"'six kinds. ■: 

One is (taken to he) the deiiomiiiator (In the ease) of a qiinxif ilv 
wliicli lias IK) cl,e nominator. 

Emmfks in Uiustmimi thereof . 

l;i9 and 140. (Givai) -l ; i of O i h s • i K 1 0 1 

■J; 2 

associated with of itself; then -f associated with of itself; 1 
diniimslied hy 1 diminished hy ; I- dimiiiishecl Iw -J, of itself ; 
and ];• diminislied by of itself : after adding these a,ceoTding to 
the rules which are strung together in the manner of a garland of 
blue lotuses made up of fraetionsj give oot^ 0 friend, (what llie 
result is). 

Thus ends ilio BhfujamMir variety of fraoticuis. 

Thus ends the second subject of treatment known as 
Fractions in Sarasangraha which is a work on 
arithmetic hy Mahaviracarya. . 


iS8. The twenf.y-six varieties hei^e mentioned are PriM.>hHjjaj Bhiiga- 

lihslga, Rliagarmbanillia, and BhrigapaTfilfa, in combinations ot two, tliree, four of 
live of these at a. time ; such as, tlie variety in wiiich r»hag'a. and Pmlhiaga are 
inixeu, or Biulga and Bhagahhaga arc mixed, and so on. Thetuimber of varieties 
ol>taiiiod b}’ mixing two of them at a time is 10, bj mmug Uiree of tliem at a 
time is .10, and by mixing' four of them at a time is'o, and by mixing all <»f tljcoi j,ii 
a time is I ; so there are 26 varieties. The example given in stanza IJiO bcflongs 
io this lastruaenticmcd variety of Bhagamatr in which all the live simple vartetit?s 
are found, 

139, The word ‘Ufpuktmdiihf, which occurs in this stanza, means ti garlaml of 
blue lotuses, at tlie same time that it happens to he the name of the metre m 
which the stanza is composed. 
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CHAPTER IV. 


MISOELL/LNEOUS PEOBLBMS (ON EEAC'IIOKS). 

The Third Subject of Treatment. 

1 Balutiag the Lord Jina, MahaAira. .hose collection 

of iufind^attributes is highly praiseworthy and -1- 

boons to (all) the three worlds that worship fhimj, I shall treat of 

miscellaxieoiis proMeais (on fractions).- • 1 4, 

2 May TiL, who haA destroyed the darlmess o'i rmnghteons. 
,,ess 'aad the aathoritative exponent of the sya<hada, and is the 
iov of learnine. and is the great disputant and the besu o. sagc^, 
be (cTer) riotorious. Hereafter we shall expound the third subject 
of -treatment, viz., miscellaneous problems (on tractions). 

3 ncro arc these ten (varieties in misceUaneous proolmas on 
fractions, namely), Bhdya, Sm, M^ a, the two varieties 

3. Thcj variety_ 

value oi' the portion vemaimiiS ^ +v.,otioiial parts removed arc each ot 

ani oi the k.nowu remainaor is termed 

v,wioty consists ot 

certain known fractional parts 
of the portion remamms „,„UiDleot the sumu'C root of that total quantity, 

rijiriiii: 

vis., tin?' minare root hero is of the romamdor after subtiactm^ - o 

I'"'”'"” Tt 

of thinp. is 

:S rS ...» — « i”-”” » ''-”™ 

"'tiri,:— ' »f ;■ “r“r 

of the' total nhinber is supposed to be first removed, and then the uumonu 

A)':;' V - A ■ 
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l)tmflhnY,sfyt}nJfia jmd Afummllh^ and ' then then 

JjiiHiirfirfja, and Bkinnad^sj/a. 

Tile rule relaxing to tbe Bkdga and tii,o rarlcties tlioreiin 
(de.j ill miseellaiieoiis problems on fracticiis). 

4. In tlie operation relatisg to the Bhdga varioh% the (rr^iiired) 
result is oldainGd bv dividiBg the given qnai.iliio ’ov as 
rfiiniiiisl'icd bv tJie (known) fraetions. ' Iii the operat iou rviating fa 
the variety, (tlie required resull;? is the given quantity divided 
hy the product of (the qiiaiitities. oMained rospix-tively Lv) Nnh- 
tmctiiig Ihe (kiiownhfraotioiis. 


5, Of a pillaiy I part was seen by. me to be (luiriefl) under the 
.groii:ii(i7"|viii wafceiq -J- in moss, and 7 hmtm (tiiereof was free) iu 
the air, Wliat is the (length of the) pillar ?' 


In tlu^ lihfhjffhlnjflsa or BhffiK^sauivaf'ja Tai'it‘f.y.i tho nmnf*rioal riUuo is ginm of 
the portion remaining* after remy\iEg from, tlio wim.o rho procimt or prtriuen' of 
e*i»i'ta.in fractloiml pariiS of the wliole takeii tuo hj* two, 

I’lie VO riot j coiiyjsts of probloiuB ulieroiii the niimen'inl Talaris 
given of fiio s'eiuainder afler rexfioving from the uiiolo fhe y.,tiare of a fraetimuil 
|)tt,rt thei'oof, ihis fracticmul part being ui the Home tuiHmner(‘:isiHl m- deereasetl 
hy a given nianher. 

The Mfilmni-^ra variety eitiwists of pi-olXemy u herein givmi tlu‘ uinuerif'ui 
value of tJie yuiii of the square root of the whole when ahhe.] to the souari* root, 
of the whole tis isHjreasftt or ilimim'sheci hy ti given uumJfC r of tiiingfe. 

In the r>JiUi/,‘adf^i,a variety, a frueiiontii pari faf fite wiiolo as inuitipiifU ]>v 
anoilu'r fraetionai pari rhoreof is j-eiiioved fi-oin it, and the remainitig is 

i'xpi'ehserl as ti fraefiun of the whtsh*. 1'lei‘e it will lie setsi that unlike in tJio 
other varieties tlie iiuu'U'ricnl value of ilu? Just, remaining ]»ortitsii i.v not aetnti-lly 
given, biti- is expreused as a irtadion of the whole. 


4?. A]g't‘hraionl!y, Uic 3’ulo relating* to tho lUwya vuriety is .rs=j-”p where it is 

file aiikiiown eolieetivo (|iiaTitity to be found oiitj a is the or npra, am! b m 

the blhd'ja or the frtictionul part ortho sum of the fractioinil parts given. 

It is ol)viou.s that this is derivable from tlie equation x — 

The I'filc relaiiiig to ih(‘ variety, when algebraically expressed, comes to 

^ ^ ^ whore & 2 , ha, &c,, are fracrtlomil parts of the 

(i-5«) (1-ha) X Ac. 

successive rewo indttrs. This formula also is derivable from the equation 
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a Out of a oolbction of eycelleat bees, i took deligbt 
,ees" i in tree, i in mango trees, i m a ^ 

[vitbkossoms fully opened; colleotionot full-blow, 

b, Ibo ,ay» of fbo ; 0 «d (anony). . omglo m 
b» bos boon cWing in tie sky. Whot is the nnmber 

ill that colleetion? , , , , 

7. A certain sravaka, having gathered lotuses,^ an 

uttering hundreds of prayers, offered those (lotuses) in 

of those lotuses and i and ^ of this (-s') 

Srttoto oomononcing ^tb lie eno.lle.t J>m Vi'^bba 
Snmati b o. -oil .> A of Ibis (same J ot tie lotao 
aftorl ie offoiod in wship to the romaming (19) In 
2 lotos each -ith a mind -ell-pleased. What is the 

value of (all) those (lotuses) ? _ 

Stoll. There was seen a collection of pions men, 
brought their senses under control, who had driven 
poison-like sin of karma, who were adorned with 
conduct and virtuous qualities and whose Doaies had 
braced by the Lady Mercy. Of that (collection), wa 
of logiemns; this (,V) diminished by -t of useai was i 
the teachers of the true religiou; the diftereuec bcti 
two (.namely, and of *) was made up Oi 

knew the Vedas; this (last proportional qnantix} ) mu 
was made up of the preachers of the rales of oonducL an 

same (quantity) diminished by i- of itself was inaaeu 

lox-ers ; the difference between these two (last mentioned 
wL made up of controversialists ; this (quantity) mu 
was made up of penitent ascetics ; and 9x8 leading a 
(fnrtherl seen bv me near the top of a mountain with 
hols highly heated by the rays of the sun. Tell 
. (the measure of this) collection of prominent sages. 

12 to It). (A number of) parrots desoeuded on a 
beautiful with (the crops) bent down through the w( 
' ripe corn. Being scared away by men, all ot the 
’ flew up. One-half of them went to the east, c 
' to the south-east; the difference, between those 
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17 to 22. ' One night, in a inontli of ilie spring season, ti 
certain yoiing lady ... . wag lovingly ho, ppy along with her 
husband on " . .. the floor of a big mansion, white like the 

moon, and ■ situated ' ill a ploasnre-gardoo with trees bent down 
wnth the load, o,f the bunclies o.f . flowers and fruits, and resoiiaiit 
with the s’weot sounds of parrots, ciickoos and bees vdiich wore all 
intoxicated with the lioney olitaiued from the ihnvors th(»rein. 
Then Oil a love -quarrel arising between the husband and the wife, 
that lady’s necklace made up of pearls I'lceoiiie sundered and fell 
oil the floor. Oue-tliird of tliat iiecMaeo of pearls reached the 
maid- servant there ; fell, on the bed ; then | of what remained 
(and one-half of wdiat remained thereafter ami again ■} of wiiat 
remained thereafter) and so on, counting six times (in all), fell all 
of them everywhere : and there wo-re found to remain (niiBrntterod) 
1,IG1 pearls; and if yon know (how to work) iniscollaneoiis 
problems (on fractions), give out the (nnmeriearinicasure of the 
pearls (in that necklace). 

211 to 27. A eollection of bees characterized by the blue color 
of the shining indremUa gem was Been in a flowering pleasure- 


17. Certain epitliotH liei-e Rave not hemi eomidevoA ilfc i‘or 
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garden. Oiie-eiglith of that (oollectiGn) became hidden in amha 
trees, 4 in /vtt/a/a , trees. ' The difference between those that hid 
themselves in the kutaja trees and the amha trees, respectively, 
multiplied by 6, became hidden in a crowd of big pafaJl trees. 
The difference between those that hid themselves in the pdtal^i 
trees and the moka trees, diminished by ^ of itself became hidden 
in an extensive forest of sdla trees. The samo difference, together 
with 4 of itself, became hidden in a forest of madhuka trees ; ^ oi; 
that whole collection of bees was seen hidden in the vakiila trees 
with well-blossomed flower-buds ; and that same l- part was found 
hidden in iilaka^ himmka^ sarala and mango trees, and on collec- 
tions of lotuses, and at the base of the temples of forest elephants; 
and 33 (remaining) bees were seen in a crowd of lotuses, that w’^ere 
variegated in eoloiv on account of the large quantity of (their) 
filaments. Give out, G you arithmetician, the (numerical) 
measure of that coUeotion of bees. 

28. Of a herd of cattle, is on a mountain ; of that is at the 
base of the mountain ; and 6 more parts, each being in value half 
of what precedes it, are found together iii an extensive forest, and 
there are (the remaining) 32 cows seen in the neighbourhood of 
a city. Tell me, 0 yon my friend, the (numerical} measure of that 
herd of cattle. 

Here end the examples in the Bhdga variety, 

E&:mnpJes in the Sem variety. 

29-30. Of a oolleetion of mango fruits, the king (took) k; 
the queen (took) k of the remainder, and three chief princes took 

k , k I same remainder) ; and the youngest child took 

the remaining three mangoes. Q you, who are clever in (working) 
miscellaneous problems on fractions, give out the measure of that 
(collection of mangoes). 

31. One-seventh of (a herd of) elephants is moving on a 
mountaiu ; portions of the herd, measuring from k in order up to 

l, in the end, of every suecessive remainder, wander afjout in a 
forest ; and the remaining 6 (of them) are seen near a lake. How 
many are those elephants f 



3;^ Algebraical] y expressed, this rule comes to 


this is easily obiaitied rrom. tho 


equation x — {hx *f c V = 0. This equation, is the algebraical expression of 
problems of this variety, .liere c stands for the coe:flScient of the square root 
of the unknown quantity lo he found out* 
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o2. Of (tJic contents of) a treasury, one man oLtaiiied J- 
part ; others obtained from in order to I, in the end, of 
successive remainders; and (at last) .12 ptmlms were seen by ji'ie 
(to remain). What is the (numerical) measure lof the purauffs 
contained in the treasury) ? 

Here end examples in the 8esa variety. 

The rule relating to the Mfila variety (of miscellaneous prob- 
lems on fractions') : — 

33. Half of (the coefficient of) the square root i of the unknown 
quantity ) and (then) the known remainder sliould be (eaehl divided 
hy one as diminished by the fractional (coefficient of the unknown) 
quantity. The square root of the (^sum of the) known remainder 
(SO treated ), as combined with the square (of the coefficient j of the 
square root (of the uiiknowm quantity dealt with m above), and 
('the.n) associated with (the similarly treated coefficient of) the 
square root (of the unknowm quantity), and (thereafte.i') squared (as 
a whole), gives rise to the (required unknown) quantity in this 
mUla variety (of miscellaneous problems on fractions). 

.Exmn^Jles in illmiralion thereof, 

34. (.)ne-foarth. of a herd of camels was seen in the forest; 
twice the square root iof that herd) had gone on to mountain- 
slopes; and 3 times 5 camels (were), however, (‘found) to remain on 
the bank of a river. What is the (numerical) measure of that 
herd of camels ? 

35. After listening to the distinct sound caused by the drum 
made up of the scries of clouds in the rainy season, yh h ^ 
collection) of peacocks, together with ^ of the remainder and of 
the remainder (thereafter), gladdened with joy, kept on dancing on 
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the ’t)ig tlieatre of the mountain top ; and 5 times the square root 
(of that , collection) stayed in an ■excellent forest of ' vakula trees ; 
and (the , remaining) 25 were ■ seen ' on ptmmga tree.' 0 arith.- 
tneticiaiij give oat after caleiilation (the iinnierical measure of) 
the colleetion of peacocks,. ■ 

,36. ...One-foiirth'; (of an .nnknown . nnmher) of . sriran Hixls 
is moving in the midst of a clnsteiv of lotuses ; and | parts 
(thereof) as well as 7 times . the .. square ■ root (thereof) move on a 
mountain ; (then) in' the midst of (some) .Mossoiiied trees 

(the remainder) is' ■ (found ■ to be) 66 in number., 0 you clever 
friendj tell me exactly how many birds there are altogether. 

37. No: fractional part of .a colleotioii of , monkeys (is distributed 
anywhere) ; three times. its., square root are on a mountain and 40 
(remaining) monkeys .,are seen in , . forest. V\^hat is the' meas,u:re 
of that collection (of monkeys) ? 

38 . Half (the number) of cuckoos were found on the blossomed 

branch of .a' mango, tree ; and 18 (were found) on a UkikaiTee. .Mo 
(multiple of the) square- root (of their number' was to be found 
anywhere). Give nut (the - numerical value of) the collection of 
■cuckoos. . ■ ■ 

39. Half of a collection of sw’'ans was found in the midst of 
mkiila trees ; five times the square root (of that collection w'as 
found) on the top of tamdla trees ; and here nothing was seen (to 
remain thereafter), 0 friend , give out quickly the numerical 
measure of that (collection). 

Here ends the Mula variety (of miscellaneous problcuns ou 
fractions). 

The rule relating to the 8esamula variety (of miscellaneous 
problems on fractions). 

40. (Take) the square of half (the eoefficiout) of the square root 
(of the remaining part of the unknown collective quantity), and 

40. Algebraically, x ^ hx sst {"'I ^ ^ ^ tliiK the value 

of X is to be foimd out acoordieg to rale 4 given in this ohapior. This vaiue ot 
X — hx is obtained easily from the equation x lx + (c // a. ) = 0. 
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combine it with tlie' known nnmber remaining, and (then axin'ict) 
the square root (of this sum. .and make. that ' 'SQuaro root bccomo) 
combined with half of the previoubly mentioned (coefficient of tine) 
square root (of the remaining part of the unknown eolleetivo 
qiiaiititj)/' The square of this (last. sum) will here he the required 
result, when the remaining part (of the unknown collective quan- 
tity) is taken as, the original (collective quantity itself), lh.it 
when that remaining part (of the unknown collective quantity) 
is treated merely as a part, the rule relating to the hhdycf varietj 
(of rniseelhmeoLis problems on fractions) is to he applied. 

Examples in illustration thereof, 

41. One-third of a herd of elephants and three times the square 
root of the remaining part (of the herd) were seen on a mountain- 
slope ; and in a lake was seen a male elephant along with three 
female elephants (constituting the ultimate remainder). How 
many were the elephants here ? 

42 to 45. In a garden beautified by groves of various kinds of 
trees, in a place free from all living animals, many ascetics were 
seated. Of them the number equivalent to the square root of 
the whole collection were practising yoga at the foot of the trees. 
One-tenth of the remainder, the square root (of the remainder 
after deducting this) , (of the remainder after deducting this), then 
the square root (of the remainder after deducting this), (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), I (of the remainder after deducting this)^ 
the square root (of the remainder after deducting this), (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), \ (of the remainder after deducting this), the 
square root (of the remainder after deducting this)— these parts 
consisted of those who were learned in the teaching of literature, 
in religions law, in logic, and in politics, as also of those who wore 
versed in controversy, prosody, astronomy, magic, rhetoric and 
grammar and of those who possessed the powder derived from the 
12 kinds of austerities, as well as of those who possessed an 
intelligent knowledge of the twelve varieties of the anga’-msira ; and 
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a.t last [2 ascetics were seen (to imiaia without being molude 
among those mentioned before). 0 (you) exeelieiit ascetic, of 
what numerical vahie was (tliis) collection of ascetics ? 

46. Five and one-fourth times the square root (of a herd) of 
(.Elephants are sporting on a mountain slope ; f of the remainder 
sport on the top of the mountain ; five times the square root of 
ilie remainder (after deducting this) sport in a forest of lotuses ; 
and there are 6 elephants then (left) on the bank of a river. 
How many arc (all) the elephants here ? 

Here ends the Se^^rnnUla variety (of miseellaneoiis problems 
on fractions). 

The rule relating to the SesamtUa variety involving two known 
( quantities constituting the) roiQ.amders ■— 

47. The (coofReien t of the ) square root (of the unknown collective 
quantitv). and the (final) quantity known (to remaiii), should 
(both) be divided by the product of the fractional (proportional) 
quantities, as subtracted from one (in each case) ; then the first 
known quantity should be added to the (other) known quantity 
(treated as above). Thereafter the operation relating to the 
Smamula variety (of miscellaneous problems on fractions is to be 
adopted). 


4*7. Algebraically, this rnlo enables ns to arrive at the expressions 

aj, which are reqnired to 


and 


X Ac. ^ 

he substitute! for c and a respectively in the formnlu for U'.^amula, wliiuh is 

f « /TcY2~~ “) 2 


hsc : 


( 2 ' 


V(ffT; 


) 


In applying this formula the vala.e of b 


becouios zero, as the m/Ha or square root involved in the dvirayra-s'fiamuia 
is that of the total collective quantity and not of ;i fractional part of that 

quantity. Substituting as desired, tve got a; = + 

(1 -hi) X Acij + (1 — h,) (iTl hi) 1 

may easily be obtained from the equation x — ai — hj (x — a^) — &a ^ x — ft i — hj 

(ai — fo) j — . . . . — c 'V X — where ho, &c., are, the vo.rion.s 

fractional parts of the successive remainders j and ai and are the first known 
quantity and the linal known quantity respectively. 
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^‘^otnples tn illmtration therenf, 

48. A single bee (out of a swarm of bees) was seen in the skv • 
i- oi the remainder (of the swarm), and i of the remainder (left 
thereafter), and (again) i of the remainder (left thereafter), and 
(a number of bees equal to) the square root (of the numereial 
value of the swarm, were seen) in lotuses ; and two (bees re- 
maining at last were seen) on a mango tree. How many are 
those (bees in the swarm) ? 

49. Four (oat of a collection of) lions wore seen on a inouutuin ; 
and fractional parts commencing with I and ending witli .) of the 
snocessive remainders (of the collection), and (lions equivalent in 
number to) twice the square root (of the numerical value of tlic 
collection), as also (the finally remaining) four (lions), were seen in 
a forest. How many are those (lions in the collection) t 

50. (Out of a herd of deer) two pairs of young female deer 
weie seen in a forest; fractional parts commencing with -laud 
ending with § of the (successive) remainders (of the herd^wero 
seen) near a mountain; (a number) of them (equivalent to) 
3 times the square root (of the numerical value of the herd) were 
seen in an extensive paddy field; and (ultimately ) only ton 
remained on the bant of a lotus-lake. What is the^nnmerieai) 
measure of the herd ? 

Thus ends the Sesmntfla variety iiivolvin^^ two known 
quantities. 

The rule relating to the AmMmUla variety (of miscelia, noons 

problems on fractions). 

31. Write down (the coefficient of) the square root (of the 
given fraction of the unknown collective quantity) and the known 
quantity (ultimately remaining, both of these) having been 


50. The word l.arim occurring in Hiis stanza not only means ‘ a fonrnlp iloor ’ 
btit IS also the name of the metre in which the stanza is composed. 

51. Algebraically stated, this rnle help,s ns to aiTive at c& and ai, which are 
required to be subs tituted for c and 6 respc-etively in the formula x — hx — 

(I variety. As pointed out in the note 
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multiplied by tke (given proportional) fraction ; tlien that result 
wliieh. is arrived at by means of the operation of finding out (the 
imknown quantity) in the ^emmula Ymetj {of iiiiseellaneons 
problems on fractions), when divided by the (given proportional) 
fraction, becomes the required quantity in the J.mmnuh^ variety 
(of miseellaneoiis problems on fractions). 

Another rule relating to the Amkmmla variety. 

52. The known quantit\^ given as the (ultimate) remainder is 
divided by the (given proportional) fraction and multiplied by 
four ; to this the square (of the coefficient) of tho square root (of 
the given fraction of the imknown collective quantity) is added ; 
then the square root (of this sum), combined with (the above 
mentioned coefficient of) the square root (of the fractional unknown 
quantity), and (then) halved, and (then) squared, and (then) 
multiplied by the (given proportional) fraction, becomes the 
required result. 

Examples in Uhkration thereof. 

53. Bight times the square root of } part of the stalk of a lotus 
is within water, and 16 cmgulan (thereof are) in the air (above 
water) \ give out the height of the water (above the bed) as well 
as of the stalk (of the lotus). 

54“55. (Out of a herd of elephants), nine times tho square 
root of -I part of their number, and six times the square root of | 
of the remainder (left thereafter), and (finally) 24 (remaining) 
elephants with their broad temples whetted with the stream of the 
exuding ichor, were seen by me in a forest. How many are 
(all) the elephants 


imder stanza 4-7, x — bx becomes x here also. After substituting' as desired, and 

P) 1 b . This value of 


dividing the result by 6, we get + ah 


X may ho easily arrived at from the equation aj — c b:c—a = 0. 


52. Algebraically stated , » =4 






the equation given in the note under the previous stanza, 


^ X b. Tins is obvious from 
'j 
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56. Four times the square root of 'I the iiiiinber cf a eoileciiou 
of boars went to a forest wherein ' tigers -were ait play ; 8 times the 
square root of yV of the I'emaiiicler (of the eolleotioii) ^yel!l to a 
mountain; and 9 times the square root of ^ of the (further’) 
remainder (left thereafter) went to the hank of' a:, river; aud boars 
equivalent in (nuiiierieal) measxire to. 56 were-.seen (u,itimatelj) to 
remain fwhereihoy were) in tlieiorest. ''Give out. the (miiiKuical) 
measure of (all) those (hoars). . 

Thus ends the Ammmula variety, .' 

The rule relating to the Bkdg(xsamvar(fa variety (of niiscol-' 
laneoiis problems on fractions) : — ■■ 

57. Froni the , (simplified) denominator (of the spcicified 
(‘ompoiind fractional part of the unknown collective qaantitj)^ 
divided hj its own (inlated.) ' numera^^ (also simplified)^ subtract 
four times the given known part (of the quantity), then multiply 
this (resulting difference) by that same (simplified ) denominator 
(dealt with as above). The square root (of this product) is to be 
added to as wmll as subtracted from that (same) dc uoininator (Iso 
dealt with) ; (then) the half (of either) of these (two quantities 
resulting as sum or difference is the imknown) collective quan- 
tity (required to be found out). 

Exmnphs in admiration thereof » 

58. A cultivator obtained (first) ^ of a heap of padtly as mul- 
tiplied by j\ (of that same heap); and (then) ho Iiad 24< m/nhs 
(left in addition). Give oat what the measure of the heap is. 

59. One-sixteenth part of a collection of peacocks as multiplied 
by itself, (f.c., by the same part of the collection), was found 


50. The word i<H-dylarikr^ito. in this stanza means ‘ tigers at play.’ and 
at the same time happens to be the name of the meti’e In which the .stanza is 

57. Algebraically stated rc = — — — ^ and this value of x may 

casOy b© obtained from tlic equation — x —a? where— and Ih 
tlie fractions conteinplated in the rule. 
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on a mango tree ; of tho remaiiicles* as multiplied by that same 
f|- part of that same remainder), as also (tlie remaining) fourteen 
(peacocks) were found in a grove of tmmla trees. How many are 

they 

to. Oiie-twolfili part of a pillar, as multiplied by part 
thereof, was to be found underwater; 2 ^^ of the reiiiaiiider, as.' 
multiplied by -yV thereof, was found (buried) in the mire (below) : 
and 20 ha^ias of the pjillar were found in the air (above the water). 
0 friend, you give out the measure of the length of the pillar. 

Here ends the Bhdgammtmrya variety. 

The rule relating to the Am^avarga variety (of miseoilaneoiis 
problems on fractions), characterised by the subtraction or addition 
(of known quantities) : — 

61. (Take) the half of the dcnoininaior (of the specified frac- 
tional part of the iinknowii collective quantity), as divided by its 
own (related) numerator, and as increased or diiiiinished by the 
(given) known quantity wdiich is subtracted from or added to 
(the specified fractional pant of the unknowm collective quantity). 
The square root of the square of this (resulting quantity), as 
diminished by the square of (the above knowm) quantity 
to bo subtracted or to be added and (also) by the known 
remainder (of the collective quantity), when added to or sub- 
tracted from the square root (of the square quantity mentioned 
above) and then divided by the (specified) fractional part (of the 
unknown collective quantity), gives the (required) value (of the 
unknown collective quantity). 

ExampUs ofihe minus variety , 

62. (A number) of buffaloes (equivalent to) the squaj'o of J 
(of the whole herd) minm 1 is sporting in the forest. The 

Gl. Algebraically, 

iyf |(|j;:y y ^ 

is obtainecl irojii the equation « ^ ^ j — a = 0, where d is tlie 

giTen known quantity. 
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(remaiiiiiig) 15 (of ' them) are seen grazing g.rass on a iiioimtaiu. 
How '.many are tliey {ill all) ? 

, 63. ,(A .litiiiiber)' of elephants (equivalent to) of the herd 
nunus ,2^ m niiiltiplied by tha.t same (yV of the herd mMiis 2)^ 
is. found playing ill a forest, of sallaM trees. The (remaining) 
elephants of the herd measurable in number ■ by : the square of 6 
a.re nioving on a moimtain. 'How many (together) are (all) 
these elephants here ? 

An exctmpU of the varieiif . 

64. (A number of peacocks equivalent to) , of their whole 
eoliectioii plm 2, niiiltiplied by that same (T^ of the colleetioii 
p'lihs 2),j are playing on a /aw tree. The other (remaining) 
proud peacocks (of the eoLleetion), numbering 2- X 5, are playing 
on a mango tree. 0 friend, give out the numerical measure of 
(all) these (peacocks in the collection). 

Here ends the Amimcirga variety characterised by or 
quantities. . 

The rule relating to the MulmnUra variety (of miscellaneous 
problems on fractions). 

65. To the square of the (known) combined sum (of the square 
roots of the specified unknown quantities), the (given) rainuB 
qaantity is added, or the (given) 'plus quantitj^ is subtracted 
(therefrom) ; (then) the quantity (thus resulting) is divided by 
twice the combined sum (referred to above) ; (this) wiien squared 
gives rise to the required value (of the unknown colleetioii). In 
relation to the working out of the MWmmBm variety of problems, 
this is the rule of operation. 


04*. T be word maUamayura occarring in the stanza means * a proud poaitoc.k ’ 
and is also tiio natne of the metre in -VYhich the stanza is composed. 

05, Algebraicalh- x — [ A j . This is easily denved from the eqna- 

tion -b = The quantity ?ii. is here the known comhiped 

mentioned in the rule. 
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Examples of the miaiis variety, : 

6tl On adding together (a number of pigeons equivalent to) 
the square root of the (whole) eollection of pigeons and (another 
niaiibor equivalent to) the square root of the (whole) eollection as 
climiuislied hj 12, (exactly) b pigeons are seen (to be the result). 
What is (the numerical value of) that eollection (of pigeons) ? 

G7. The sum of two (^quantities' , whieli are respectively 
equivalent to thej square roots of the (whole) eollection of pigeons 
and of (that same) colleetion as diminished by the cube of 4, 
amounts to 1 6. H ow many are the birds in that colleetion 

An example of the ^\m variety , 

08. The sum of the two (quantitiesj which are respectively 
equivalent to tlie ,) square root (of the numerical value) of a eollee- 
tion of superior swans and (the square root of that same colleetion) 
as coinbiiicd with 68, amounts to 6- — 2. Give out how many 
swans there are in that collection. 

Here ends the Mldamiem variety. 

'.riie rule relating to the BhinnarJr.hja variety (of miscellaneous 
problems on fractions) : — 

60. When one^ diminished by the (given) fractional remainder 
(related to the unknown quantity)^ is divided by the product of 
the (^specified) fractional parts (related thereto), the result which 
is (thus) arrived at becomes the (required) answer in working out 
the Bhinnadr^ya variety (of problems on fractions). 

Examples in iilmU'ation thereof, 

70. One-eighth part of a pillar, as multiplied by the jV 
(of that same pillar), was found (to be buried) in the sands ; of 
the pillar was visible (above). Say how 3nuoh the (vertically 
mc^asuied) length of the pillar is. 


09. Alg’ebi'aically stated, x 


This is obvioris from tins 


equation « 
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71. (Elephants equivalent in number to) part of the 
whole herd of elephants, as multiplied by f (of that same herd '; 
as divided by 2, are in a happy condition on a plain. The remain- 
ing- (ones forming) 1, (of the herd), resembling exceedingly dark 
masses of clouds in form, are playing on a mountain. 0 friend, 
you tell me now the numerical measure of the herd of elephants. 

72. ) Ascetics equivalent in number to) f,, part of a collection 
of ascetics, as divided by 3 and as multiplied by that same 
■; part divided by 3), are living in the interior of a, forest ; i,tbi' 
remaining ones forming) A part (of that eolleotioii) arc living- 
on a mountain. 0 you, who have crossed over to the otlu-r shore 
of the oeean-like misoellaneous problems on fractious, tell me 
i|uickly the (numerical) value of that (eolleotion of ascetics;. 

Here ends the Bhintuiclriya variety. 

Thus ends the third subject of treatment known as 
FriUm-nalm in Sarasangraha which is a work on 
arithmetic by Maha^iracarya. 

7L The word prthvl occiirving in this stanza means 'the eavtli’, urid is also 
the name of the inet-rf*. in which the stanza is composed. 
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CPIAPTBR V. 

BULE^OF-THBEE. 

The fourth subject of treafuieiit ' 

1 . Salutation to that blessed Vardhamfina, wlio is like a 
(helpful) relation to (all) the throe worlds, and is (rcspieadont 5 
like the sun in the matter of absolute knowledge, and has east oil 
(tlie taint of) all the harmas. 

Next we shall expound the fourth sul^jeot of treatment, 
rule-of-tliree. 

The rule of operation in respect thereof is as follows : — 

2. Here, in the rule-of-three, Phah multiplied by Iccful and 
divided by Fnauanff^ l>ecomes the (required) answer, when the 
Icchd and the Pramdm are similar, (f e., in direct proportion) ; and 
ill the ease of this (proportion) being inrerse, this operation 
(involving multiplication and division) is reversed, (so as to have 
division in the place of multiplication and multiplication in the 
place of division). 

PJmmpIes reJating to the former half of the above rule, i.e., 
on the direct rule-of -three, 

3. The man who in 3|- days goes over 55 yojams — give out 
what (distance) he (goes over) in a year and a day. 

4. A lame man walks over J of a krok^ together with -t (there-" 
of) in 7.} days. Say what (distance) ho (goes over) in 3); years 
(at this rate). 

5. A worm goes in of a day over ‘ J of an afigula. In how many 
days will it reach the top of the Mem mountain from its bottom r" 

C. The man who in 3'| days uses up l-J- kdrmpams-- in what 
time (will) he (use up) 100 ijurmas along with 1 pana ? 

2 . Pm'ma^va aad PM a together give the rate, in which is a quantity 

of the same kind as the required answer and Framufna is of the same kind as Icchd. 
U’his IccM is the quantity about which something is required to ])e found out at 
the given rate. For instance in the problem in stansa 3 here, S|- days is the 
Pfarndna, yo/anas is the Fhata^ and 1 year and 1 clay is the IccM, 

o. The Imig’ht of the Mdr-y, mountam is supposed to he 99,000 ijojarm^ or 
713,032,000,000 


87 


^ CHAPTBVR :V“RTJ.LE*OF-TmJEE. 

7. A good piece of krsmgaru, 12 hanh^ and 

in diameter, is consumed (at the rate of) 1 cubic a^giilff a da-v. 
Wiiafc is the tioie required for the (complete) consumption of this 
cylinder ? . 

S. (If) a vdha of very superior black gram, along with 1 dm/if. 
1 adhaka and 1 hudam (thereof), has been purchased by means of 
10|' mf/ws'pwhat measure (may we purchase of it) by means of 
1 00-|- sparms r 

9. Where 1|- pala of kimkuma is obtainable by means of 8* 

what measure (of it) may (we obtain) tlierc by means 
of 100 purmas ? 

10. By means of l^ paUs of ginger, IZl pamH were obtaijied ; 
say, 0 friend, what (may be obtained) in return for 82-|- pedas 
of ginger ? 

IL By means of 41^ a man obtains ItJ^ pakfH of 

silver; what (weight does he obtain thereof) by means of 10,000 
karmn ? 

12. By means of 7| palm of camphor, a man obtains 5 dmmm 
along with. 1 hhciga^ 1 amm d,vA \ kaM , What (does he obtain) 
here by means of 1,000 |?c'da.s (thereof) ? 

13. The man ndio purchases here 5| palm of gbco by means 
of SJ- pmm % — wdiat (measure of it does he purchase) by means of 
100*1' toms 

14. By means of 5;i purdnasyW^ pairs of cloths were obtained. 
0 friend, say what (number of them may be obtained) by means 
of 61 to’6‘t7« '' 


15-16. There is a square well without water, (cubically) 
riieasuring 512 hadas. A hill rises on its hank; from the top 



7. Here the process of finding' out, from the g'iven diameter, the area of the 
cross-sectiou of a cylinder Is supposed to be known. This is given in the sixtli 
Vy a vail dr a, in the 19tli stanza, where the area of a circle is said to be approxi- 
mately equal to the diaio-eter squared and then divided by 4 and multiplied by 3. 

Krspdgarif. is a kind of fragrant wood burnt in fire as incense, 

15-16. In this problem, the stream of water is as long as the mountain 
is high, so that as soon as it reaches the bottom of the inoantain, it is supposerl 
to cease to flow at the summit. For fiiiding^put the quantity of wmter in 
He,, the relation betAveen cubical measure and liqtxid measure should iiave been 
given, Thci Sanskrit commentary in P and the. Kanarese UM in B state that* 
1 cubic w'igula of water is equal to 1 karpa thereof in liquid measure. 
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theroof flows dowu, (to the bottom) a crystal-clear stream of water 
having 1 for the diameter of its eircalar section, and the 

well becomes quite filled with water within. What is the height 
of the hill, and (what) the numerical value ( of the liquid-measure) 
of water ? 

17. A king gave, on (the occasion of) the m/iknmfi, to 6 
Brahmins, 2 droms of kidney-beau, 9 hulaba-s of ghee, 6 
rice, 8 pairs of cloths, 6 cows with calves and 3 avarnm. Give 
out quiotllb 0 friend, what (the measure) is (of) the kidney-hcan 
and the other tilings given hy him (at that rate) to 336 Brahmims. 


17. Sa'ijfh'ih'iM is the passage of sun from one zodiacal sign to another. 

18. Pure gold is here taken to be of 16 varnas. 

The reference here is to the. four tlx quarter of the second stanza in this 

cha-ptor. 
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An example on inverse quadruple ruh-of4]mee. 

22. There is a block of stone (suited for building purposes) j 
which measures 6 hasim in breadth, ^0 hmias in length and 8 
fimias in height, and (it is), 9 in worth., ■ By means of this (giTen,, 
in exchange)., how many (blocks) of such stone, lit to be used in 
building a Jiiia temple, (may be obtained, each) measuring 2 by 
6 by 1 {hasias), and being 5 in worth? 

Thus ends the inverse double, treble and quadruple rule-of- 
three., ■ 

The rule in reg'ard to (problems bearing on associatcMl) forward 
and backward movement. 

23. W rite down the net daily movement, as derived from the 
difference of (the given rates of) forward and backward movements, 
each (of these rates) being (first) divided by its own (specified) 
time ; and then in relation to this (net daily movement), carry 
out the operation of the rule-of-three. 

Examples in illustration thereof. 

24-25. In the coarse of of a day, a ship goes over -J- of a 
Irokt in the ocean ; being opposed by the wind she goes back 
(during the same time) -J- of a hrosa. Give out, 0 you who have 
powerful arms in crossing over the ocean of numbers well, in what 
time that (ship) will have gone over 99'f yojanas. 

26. A man earning (at the rate of) 1-| of a gold coin in. 31- 
days, spends in 4|- days ^ of the gold coin as also -k of that (|) 
itself ; by what time will he own 70 (of those gold coins as his net 
earnings) ? 

27. That excellent elephant, which, with temples that are 
attacked by the feet of bees greedy of the (flowing) ichor, goes 
over ■} as well as of a yojana in days, and moves back in 3|- 
days over f of a hrom : say in what time he will have gone over 
(a net distance of) 100 ydjanas less by hroia. 

28-30. A well completely filled with water is 10 dmidasm 
depth ; a lotus sprouting up therein grows from the bottom 

28“‘30. The ^ depth’ of the well is mentioned jin the original as * height V 
measured from the bottom of it. 



When the Phala lier-e, viz., 60 panas., is transferred to the other row we haye- 
9 Mdms. ) 1 Ydha + 1 KumWia 

3 Ydjanas. 


Ij Vdha* 

10 Xojanaa, 

60 Fanas. 

How the right hand row, consisting of a larger number of different quantities, 
should be, after they are all multiplied together, diTided by the smoiler left 
liand row similarly dealt with. 

Then we have 

. The result here gives the number of panas to be found out* 


(at the rate of) 2^ mgulas in a day and half ; the water (thereof) 
flows ont through a pump (at the rate of) 2-b angiilas fof the well 
in depth) in IJ days ; cmgulas of water (in depth) are lost in a 
day hy evaporation owing to the (heating) rays of the siiii ; a 
tortoise ' below pulls down angvla% of the stalk of the lotus 
plant in 3|> days. By what time will the lotus be on the same 
level TOth the water (in the well) ? 

31, A powerful unvanquished excellent black snake, which is 
32 lm%im in length, enters into a hole (at the rate of) '7-|- angvlm 
in of a day ; and in the course of J of a day its tail grows by 
2 1 of an ahgulcL 0 ornament of arithmeticians, tell me by what 
time this same (serpent) enters fully into the hole. 

Thus end the (problems bearing on associated) forward and 
backwaxTl movements. 

The rule of operation relating to double, treble and quadruple 
rule-of-three. 

32. Transpose the Phala from its own place to the other place 
(wherein a similar concrete quantity would occur) ; (then, for the 
purpose of arriving at the required result), the row consisting of 
the larger number (of different quantities) should be, (after they 
are all multiplied together), divided by the row consisting of the 


32. The transference of the Fhala and tlie otlier operations herein mentioned 
will be clear from the following worked out example. 

The data in the problem in stanza Ho. 36 are to be first represented thus : — 


9 Mams. 

3 Ydjanas. 
60 Tanas. 


1 Tdha + 1 Kumbha. 
10 Ydjanas. 
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smaller ntimber (of clifierent quantities, after these are also 
simUarly thrown together and multiplied); but in the matter of 
the buying and selling of living animals (the transposition is to 
take place) only (in relation to the numbers representing) them. 


Examples in illmtration the 

33. At the rate of 2, 3 and 4 per cent, (per month), 50, (iO 

and 70 were (respectively) put to interest by a person 

desiring profit. How much interest does he obtain in ten 
months ? 

34. The interest on 80-J- gold coins for of a month is 1|. 
How much (will it be) on 90|- gold coins for 5| months? 

35. He who obtains 20 gems in return for 100 gold pieces of 16 
varms—wheA (will he obtain) in return for 288 gold pieces of 
10 mrnas ?' 

36. A man, by carrying 9 mams of wheat over 3 yojcmas^ 
obtained 60 panas. How much (would he obtain) by carrying 
one Imnhha along with one vdha (thereof) over 10 ydjanas? 


Examples on barter, 

37, A man obtains 3 harsas of musk for lO gold coins and 
2 karsas of camphor for 8 gold coins. How many (harms of 
camphor does he obtain) in return for 300 harms of musk ? 

38. In return for 8 {mdms in wmight of silver;, a man 
obtains 60 Jack fruits ; and in return for 10 mdsas (in weight of 
silver he obtains) 80 pomegranates. How many pomegranates 
(does he obtain) in return for 900 jack fruits ? 


Examples of f^^rohlems hearing on) thebuying and selling 
of animals, 

39. Tiventy horses, (each) of 16 years (of age), are worth 
100,000 gold coins. 0 leading arithmetician, say how much 70 
horses, (each) of 10 years (of age), will be (worth) at this (rate). i 

40. Three hundred gold coins form the price of 9 clamselsj 

(each) of 10 years (of age). What is the price of 36 damsels? (each) 
of 16 years (of age) ? • ■ 7' ' - ’ ' ■' 
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41. What is the interest for 10 months on 90, invested at tha 

rate of 6 per 100 (per month) ? 0 you, who are a mirror to the 

faeehf arithmeticians, say, with the aid of the two (other requisite) 
Itnown quantities, what the time in relation to that (interest) is, 
and what the capital is (in relation to that interest and time). 

An example on treble rule-of -three. 

42. Two pieces of sandal-wood, measuring 8 and 4 haetasva. 
diameter and length respectii-ely, are worth 8 gold coins. At this 
(rate) how much will he the worth of 14 (pieces of sandal-wood, 
each) measuring 6 and 9 tofos in diameter and length (respect- 
iveiy) ? 

Tluis ends treble riile-of-tliree. 

An BMiyiple on qMdrivple Tule-^of^tlwee* 

43. A honsehold well, measuring 5, 8 and. ‘d lmsicts m breadth, 

length and height (from the bottom, respectively), contain 6 mhae 
of water ; 0 yon, who are learned, give out how much (water) 9 
wells, (each being) 7 hastas in breadth, 60 in length and 5 in 
height (from the bottom, will contain). 

Thus ends the fourth subject of treatment known 
as Eule-of-three in Sarasahgraha which is a work on 
arithmetic hy Mahaviraearya. 


43. The word saH-n.t occiirring in this stanza indicates the name of the metre 
in which the stanza is composed, at the same time that it means ‘ belonging to a 
■■house.* , ■ 



1 Tlrtha is interpreted to mean a ford intended to cross tlie riTer of mundane 
existence wliicii is suloject to ^arma and reincarnation. The Jinas ai'o conceived 
to be capable of enabling the souls of men to get out of the stream of samMra 
or the recurring cycle of embodied existence. The Jinas are therefore called 
(IrthaMarafi. 

2. Algebraically the saiilcmmanct of any two' quantities a and b is firding 
out and ; their- vi>ama*sanjcramana is arriving at b ^ 


MIXED PEOBLEMS. 

The Fifth Subject of Treatment,. 

1. Eor attaining the supreme good, we worshipful] j salute the 
holy Jiiias, who are in possession of the fourfold infinite attril^utes, 
who are the inahers oi Mrthasy who have attained self-con quest, are 
pure, are honoured in all the three worlds and are also excellent 
preceptors— the Jinas who have gone over to the (other) shore of 
the ocean of the Jaina doctrines, and are the guides and teachers 
of (all) born beings/ and who, being the abode of all good 
qualities, are good in themselves and do good to others. 

Hereafter we shall expound the fifth sulijeot of treatment 
knowm as mixed problems. It is as follows : — 

Statement of the meaning of the technical terms bahhrimana 
and vimma-mnkramcma 

2. Those who have gone to the end of the ocean of calculation 
say that the hpdving of the sum and of the difference (of any two 
quantities) is (known as) sankrammaym.^ that the mnkramana of 
tsvo quantities which are (respectively) the divisor and the quotient 
is that which is visama tnmma’8mkTam.a'm). 

EmmpleB in illimiraU^ 

3. What is the sca'ikramam where the number 12 (is associated) 

with 2; and what is the divisional of that 

(same) number (12 in relation to 2) ? 


■CMApTER VI— mixed, pboblems. 


CHAPTER VI. 
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Double Eule-of-three. 

The rule for arriving at (the value of) the interest which 
(operation) is of the nature of double rule-of-three : 

4. The number representing the Iceha, t-e., ihe amount the 
interest whereon is desired to be found out, is multiplied bj' tne 
time connected with itself and is then multiplied by (the number 
representing) the (given) rate of interest for the given capital ; 
(then the resulting product) is divided by the time and the capital 
quantity (connected with the rate of interest) ; this (quotient.) is, 
in arithmetic, the interest of the desired amount. 

Ecconiples in iUustrohon theveof . 

5. Puranas, 50, 60, and 70 (in amount) wore lent out on, 
interMt at the rate of 3, 5 and 6 per cent (per mensem respect- 
ively) ; what is the interest for 6 months ? 

6. (A sum of) 80 kdrsapams and 8 pams were lent out on 
interest at the rate of 7| per cent ^^per month); what is the 
interest produced in exactly months P 

7. The interest on 60 for 2 months is seen to be 5 pnrdnas 
withSprfws; what would be the interest on 100 for 1 year? 

8. The interest for 1 month and a half on lending out 150 
is 15. What would be the interest obtained at this rate on 300 
for 10 months ? 

9. A merchant lent ont 63 kdrsdpaws at the rate of 8 for 108 
(per month). What (is the interest) for 7^ months ?• 

The rule for finding out the capital lent ont : — 

10. The capital quantity (involved in the rate of interest) xs 
multiplied hy the time connected with itself and is then divided 


4. SymbolicaUyi = -^|^, where T, G and I are respectively the time, 

capital and interest o£ the pramdna or the rate, and t, c and i arc respectively 
the time, capital and interest oi tlie iccM. For an explanation o£ frarndna, 
icchdf 80G Eofce under Ch. Y. 2. 

5. Unless otherwise mentioned, the rate of interest is for 1 month. 

OxTxi 



14, Symbolically,. 


by the interest connected with itself. (Then) this (quotient) has 
to be divided by the time connected with the capital lent out; 
(this last) quotient when multiplied by the interest (that has 
accrued) beeom.es the capital giving rise to that (interest). 

JEa^ainpIes in illustration thereof, 

11. In lending out at the rate of 2| per cent (per mensem), a 
month and a half (is the time for which interest has aecrued)^ and 
a certain person thus obtains 5 purdms as the interest. Tell me 
what the capital is in relation to that (interest). 

12. The interest on 70 for IJ months is exactly When 
the interest is 2-| for months what is the capital lent out? 

13. In lending out at the rates of 3, 5 and 6 per cent (per 
mensem), the interest has so accrued in 6 months as to he 9, 18 
and 25-1- (respectively) ; what are the capital amounts lent out? 

The rule for finding out the time (during which interest 
has accrued) : — 

14. Take the capital amount (involved in the given rote of 
interest) as multiplied by the time (connected therewith) ; then 
oanse this to be divided by its own (connected) rate-interest and 
by the capital lent out ; then this (quotient) here is multiplied by 
the interest that has aeerued on the capital lent out. Wise men 
say that the resulting (product) is the time (for which the interest 
has accrued). 

Ecoaniples in illustration thereof, 

15. 0 friend, mention, after calculating the time, by what 
time 28 wdll be obtained as interest on 80, lent out at the rate of 
3|- per cent (per mensem). 

16. The capital amount lent out at the rate of 20 per 600 (per 

mensem) is 420. The interest also is 84. 0 friend, you tell 

me quickly the time (for which the interest has accrued). 
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17. It is 96 that is lent ont at the rate of 6; per cent (per 
mensem); the interest thereon is seen to he.57-|, , What is the 
tinie (for which interest has accrued) ? 

The rule regarding barter or exchange of commodities 

18. 1 he c|uantity of the commodity, taken in exchange is 
divided by its own price as well as by the quantity of the commo- 
dity given in exchange. (It is then) multiplied by che price 
of the commodity given in exchange, and thereafter multiplied 
by the quantity of the commodity intended to be exchanged. This 
(resulting) product is the required quantity corresponding to the 
prices of the commodity given in exchange as well as of the 
commodity taken in exchange. 

An example in illustration thereof. 

19 and 20. Palas 8 of dried ginger vrere purchased for C>i 
panas and palas 5 of long pepper for 8| panas. Think out and 
tell me quickly, 0 you who know arithmetic, how many palas 
of long pepper have been purchased by one (at the above rate) by 
means of 80 palas of dried ginger. 

Thus end the problems on double riile-of-three in this chapter 
on mixed problems. 


Problems bearing on interest. 

Next, in the chapter on mixed problems, we shall expound 
problems bearing on interest. 

The rule for the separation of the capital and interest from 
their mixed sum : — 

21. The result arrived at by carrying out the operation of 
division in relation to the given mixed sum of capital and interest 


21. Symbolically, c iVlxI* m c + i; bonco i = m - c. 

1 + 


TxO 


CHIPTEE ' VI— MIXED PEOBLEMS. 


hj Bieaiis of one^ to whioli the interest thereon for the (given) time 
is added, (happens to he the required) capital; and the interest 

required is the oomhined sum thm capital. 

An example in illustration thereof . 

22. If one lends out monej at the rate' of 5 per cent (per 
month), the eomhined sum of interest and capital becomes 48 
in 12 months. What are the capital and the interest therein ? 

Again another rule for the separation of the capital and the 
interest from their combined sum.:—. 

23 . The product of the given time and the rate-interest, 
divided by the rate-time and the rate-capital and then combined 
with ona, is the divisor of the combined sum of the capital and 
interest ; the resulting quotient has to be understood as the 
(required) capital. 

An example in illmiraiion thereof , 

24. Having given out on interest some money at the rate of 
21 per cent (per mensem), one obtains 33 in 4 months as 
the combined sum (of the capital and the interest). What may 
he the capital (therein) ? 

The rule for the separation of the time and the interest from 
their eomhined sum : — 

25. Take the rate-capital multiplied by the rate-time and 
divided by the rate-interest and by the given capital, and then 
combine this (resulting quantity) with one; then the quotient 
obtained by dividing the combined sum (of the time and interest) 
by this (resulting sum) indeed becomes the (required) interest. 

Examples in illustfation thereof. 

26. Money amounting to 60 exactly was lent out at tie rate 
of 5 per cent (per month) by one desirous of obtaining interest. ^ 

f t ‘ii j[ T 

23. Syuibolically c = 7n -f- 1 -5- 1 [ . It is evident that this is very 

much the same as the formula given under 21 . 

25, Syinbolicaily i = m -f- | j ^ ^ h 1 j s=: where w = i- -f 
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The time (for wM has aceriied) oombmed,' with 'the 

interest therefor is 20.' ; What is the time. here ? 

27. The capital pnt to interest at the rate of 1|- per 70|:,(per 
■mensem) is 705. The mixed sum of its time and interest is 80. 
{What is the value of the time and of the interest?) 

. 28. The capital put to interest at , the rate of 3|-, per 80 for, 
2.|* months, is. 400.' and the mixed , 's'um of time and interest is 36. 
(What is the time and what the interest ?) 

;'Tha,rule,for arriving..at the' separation of the capital.^ and ■th.e 
time of interest from their mixed sum : — 

29. From the square of the given mixed sum (of the capital 
".and the, time), '.the': rate-capital . divided , hj ■ its rate-interest ' 'and 
multiplied by the rate-time ■ 'and" hy ' four times' the given interest" 
is to be subtracted. The square root of this (resulting remainder) 
is ' then 'used' 'm '.r'elation' to the given,' mixed sum sO' as to carry . out ,: 
the process of sankramam, 

Emmflen in illustration thereof, 

30. ThiS; viz., 4 Purmas is the interest on 70 (per month). The 
interest (obtained on the whole) is 25. The mixed sum (of the 
capital used and the time of interest) is 45|. What is the capital 
lent out ? 

31. By lending out what capital for what time at the rate of 3 
per 60 (per mensem) would a man obtain 18 as interest, 66 being 
the mixed sum of that time and that capital ? 

32. It has been ascertained that the interest for 1|- months on 
60 is only 2-|. The interest here (in the given instance) is 24, and 


'29. SymboHcallj, , ^ = c or ^ as the case may be, 

where m = c + sE. 

The va,bie of the quantity under the rootj as given in the inle, is (c — ty j 
and the sqnare root of this and the misra have the operation of saiihrar/iaom 
performed in relation to them. 

For tliG explanation of sanlcrfLmana see Oh, YI. 2. 
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60 is (tto value of) the time combm^ with the capital lent out, 
(What is. the. time and what the capital P) 

The rule for arriving at the separation of the rate-interest and 
the required time from^ their sum — 

33. The rate-capital is multiplied hj its own rate-time, by the 

given interest and hy four, and is then divided hy the other 
(that is, the given) capital. The square root of the remainder 
(obtained by subtracting th^ quotient) from the square 

of the given mixed sum is then used in relation to the mixed sum 
so as to carry out the process of smkramam. 

An emmple in ilMstration 

34. The mixed sum of the rate-interest and of the time (for 
which interest has accrued) at the rate of the quantity to be found 
out per 100 per month and a half is 12|-, the capital lent out 
being 30 and the interest accriiing thereon being 5. (What is 
the rate of interest and what the time for which it has accrued ?) 

The rule for arriving s^aiately at the capital, time, and the 
interest from their mixed sum 

35. Any (optionally chosen) quantity subtracted from the given 
mixed sum may happen to be the time required. By means of the 
interest on one for that same time, to which interest one is added, 
(the quantity remaining after the optionally chosen time is sub- 
tracted from the given mixed sum) is to he divided, (The 
resulting quotient) is the required capital. The mixed sum 
diminished by its own corresponding time and capital becomes 
the (required) interest. 

An enmnple in iUustraHon thereof* 

36. In a loan transaction at the rate of 5 per cent (per mensem), 
the quantities representing the time, the capital and the interest 

33. SymbolieaUjJ \ / is nsed with m in carrying* ont 

the required sf?'A&mmaw«, being equal to I + 

35. Here, of the three unknowu quantities, the value of the time is to ha 
optionally chosen, and the other two quantities are arrived at in accordance with 



37 * SymbolicaHyj ^ — 

Oiti + C2t2 + €3113 + 

.and'—— — 

■ Cl %■ + Gg -.tig +, c’a ta + .. 

. and Cj, C3, C3, etc., at*e the ipanotis capitals, and tj, tg, 
periods of time. 

39 , Byinbolicaily, — _ 5< — ^ 


i 2 : where m = ii + + ia -J- « . 

are the ".vario.ns 


where sss @| -f + ca *»• 
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(eoniieoted with the loan) are not known. Tlieir sum howftver is 
82. What is the capital, what is the time, and what the interest ? 


, The rnle for arriving separately ' at the various amounts of 
interest aceruing on various capitals for various periods of time 
from the mixed sum of (those) amounts of interest : — 

37. Let each capital amount, multiplied by the (corresponding) 
time and multiplied (also) by the (given) total (of the various 
amounts) of interest, he separately divided by the sum of the 
products obtained by multiplying each of tbe capital amounts by 
its corresponding time, and let the interest (of the capital so dealt 
with) be (thus) declared. 

An example in illustration thereof. 

38. In this (problem), the (given) capitals are 40, 30, 20 and 
50; and the months are 5, 4, 3 and 6 (respectively). The sum of 
the amounts of interest is 34. (Find out each of these amounts.) 

The rule for separating the various capital amounts from their 
mixed sum : — 

39. Let the cpiantity representing the mixed sum of the various 
capitals lent out be divided by the sum of those (quotients) which 
are obtained by dividing the various amounts of interest by their 
corresponding periods of time, and let the (resulting) quotient be 
multiplied (respectively) by (the various) quotients obtained by 
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dividing the various amounts of interest by their correspondhig 
periods of time. Thus the various capital amounts happen to ho 

found out. ' , 

Examples in illusiraiion thereof, 

40. (Slims represented by) 10, 6, 3 and 15 are the (various 
given) amounts of interest, and 5, 4, 3 and 6 are the (correspond- 
ing) months (for whieli those amounts of interest have accrued); 
the mixed sum of the (eorresponding) capital amounts is seen 
to be 140. (Find out these capital amounts.) 

41. The (various) amounts of interest are f, 6, lOi, 16 and SO ; 
(the corresponding periods of time are) 6, 6, 7, 8 and 10 months ; 
80 is the mixed sum (of the various capital amounts lent out. 
What are these amounts respectively ?) 

The rule for arriving separately at the various periods of time 
from their given mixed sum 

42. Let the quantity representing the mixed sum of the 
(various) periods of time be divided by the sum of those (various 
quotients) obtained by dividing the various amounts of interest by 
their eorresponding capital amounts ; and (then) let the (result- 
ing) quotient be multiplied (separately by each of the above- 
mentioned quotients). (Thus) the (various) periods of time 
happen to be found out. 

An example in ilhisiration thereof ^ 

43. Here, (in this problem,) the (given) capital amounts are 
40, 30, 20 and 50 ; and 10, 6, 3 and 15 are the (corresponding) 
amounts of interest ; 18 is the quantity representing the mixed 
sum of tiie (respective) periods of time (for which interest has 
accrued. Find out these periods of time separately). 


4)2, SymboIicallv,_- 


C\ 02 Cg 

Similarly ^2, ta, etc., may be found out. 


Cl 


: ti, where m tg-f-ta-f &c. 
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The rale for arrmug'sepaxately at; the rate-interest of the rate- 
capital from the quantity representing the mixed sum ohtained 
by adding together the capital amount lent out, which is itself 
equal to the rate-interest, and the interest on such capital lent 
'..out,:— 

44. The rate-capital as multiplied by the rate-time is divided 
by the other time (for ’whieli interest has accrued); the squarG root 
of this (resulting quotient) as multiplied hy the (given) mixed 
sum once, and (then) as combined with the square of half of that 
(above-mentioned) quotient, when diminished by the half of this 
(same) quotient, becomes the (required) rate-interest (w'hicli is also 
equal to the capital lent out). 



45- The rate-interest per 100 per 4 months is unknown. That 
(unknowm quantity) is the capital lent out ; this, wdien combined 
wdth its own interest, happens to be 12; and 25 months is the time 
for (\vhich) this (interest has accrued. Find out the rate-interest 
equal to the capital lent out). 

46. The rate-interest per 80 per 3 months is unknown ; 7|- is 
the mixed sum of that (unknown quantity taken as the) capital lent 
out and of the interest thereon for 1 year. IVhat is the capital 
here and what the interest ? 

The rule for separating the capital, which is of the same value 
in all cases, and the interest (thereon for varying periods of time), 
from their mixed sum : — 

47. Know that, when the difference between (any two of) the 
(given) mixed sums as multiplied hy each other’s period (of 


44?. Symbolically, 
47. Symbolically. 


j Q ~ ■" Tq frr:2 
Aj ~yim + I Yf j - 


C T 


2 t 


- 1 w biob Is equal to c. 


tn \J^ fit ^ 


hj^h 

* By ‘‘ the period of interest here is meant tke time for wbicb interest has 
accrued in connection with any of the gi-ven mixed sums of capital and interest. 
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interest) is divided by the difference between those periods, what 
happens to be the quotient is the required capital in relation to 
(all) those (given mixed sums). 

Examples in illustraiion thereof. 

48. The^ mixed sums are 50, 58 and G 6 , and the months 
(during which interest has accrued respective! y) are 5 . 7 and 9 . 

Find out what the interest is (in each case). 

49 and 50. 0 arithmetician, a certain man paid out to 4 
persons 80, 31f, 33i and 3.5, (these) being the mixed sums (of the 
same capita] and the interest due thereon) at the end of 3 , 4 , 5 
and 6 months (respectively). Tell me quickly, what may bo the 
capital here ? 

The rule for separating the capital, which is of the same value 
in all cases, and the time (during tvhich interest has accrued), from 
their mixed sum 

51. Wise men say that that is the (required) capital, which is 
obtained as the quotient of the difference between (any two of) the 
(given) mixed sums as multiplied by each other’s interest, when 
this I, difference) is divided by the difference between the (two 
chosen) am oiiuts of interest. 

'E%amfh% in illmirGution thereof , 

52. The (given) mixed sums of the capital and the periods of 
interest are 21, 23 and 25 5 here, (in this prohlom,) the amounts 
of interest are b, 10 and 14. What may be the capital of eqnal 
value hero ? 

53. The (given) mixed sums are 35, 37 and 39 ; and the amounts 
of interest are 20 , 28 and 36. (What is the common capital ?) 


oi. DjmDoIxcaily, — ~ — =:= c, where mx, wig, etc., ai'e fhe yarions misras 

n H ' ■ 

or mixed sums. 
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The rule for arriving at the capital dealt out at two different 
.. rates ; of interest : — 

54. Let the balance quantity the difference .between the 
two amounts of interest,) be divided by the difference between 
those (two quantities) which form^the interest on one for the given 
periods of time ; (this quotient) becomes the capital thought of by 
one’s self before. '■ 

3xam2oles in illustration thereof, 

55. Borrowing at the rate of 6 percent, and then lending out 

at the rate of 9 per cent, one obtains in the way of the differential 
gain 81 duly at the end of 3 months. What is the capital 
(utilized here) ? , 

56. Borrowed at the rate of 3 per cent per mensem, a certain 
capital amount is put out to interest at the rate of 8 per cent per 
mensem. The differential gain is 80 at the end of 2 months. 
How much is the capital (so used) ? 

The rule for arriving at the time when both capital and interest 
w'ill become paid up (by instalments) : — 

57. The capital lent out is multiplied by its time (of , instal- 
ment) and is again multiplied by the rate-interest ; this product, 
when divided by the rate-capital and the rate-time, becomes the 
interest in relation to the instalment. The capital (in the instal- 
ment) and the time (of discharge of the debt are to be made out) 
as before from (this) interest. 

Examples in illustration thereof, 

58. The rate of interest is 5 for 70 per mensem ; the (amount of 
the) instalment to be paid is 1 8 in (every) 2 months ; the capital 
lent out is 84. What is the time of discharge ? 


c:?'-. ::"54 ^ . . 

1 X X Jx 1 X if2 X Jo 

^ C X P X I . 

■oi. byuabolicauy, — interest in the instalment, where p is the 
time of each instalment. 




1'lie rule for separating various capital amounts, on wliieh the 
same interest lias accrued, from their mixed sum : — 

r?0. Let the (given) mixed sum multiplied hy the time (given) 
in Telation to it he divided by the sum of that quantity, wherein are 
eomhined the various rate-capitals as multiplied by their respective 
rate- times and as divided by their respective rate-interests. The 
interest (is thus arrived at) ; and (from this) the capital amoimts 
are arrived at as before. 

If samples' in ill ustrcdion thereof, 

61. The mixed sum (of the capital amounts lent out) at the 
rates of 2, 6 and 4 per cent per mensem is 4,400. Here the 
capital amounts are such as have equal amounts of interest accruing 
after 2 months. What (are the capital amounts lent, and what is 
the equal interest) ? 

62. An amount represented (on the whole) by 1,900 was lent 
out at the rates of 3 per cent, 5 per 70, and 3|- per 00 (per mensem) ; 
tho interest (accrued) in 3 months (on the various lent parts of 
this capital amount) is the same (in each case). ("What are these 
amounts lent out and what is the interest ?) 

The rule for arriving at the lent out capital in relation to the 
known time of discharge by instalments: — 

63. Let the amount of the instalment as divided by tlie time 
thereof and as multiplied by the time of discharge be divided by 

150. Svmholieallv, — — ^ — i . from this, the capitals 

h Is 

are found orit hy the rule in Ch. VL 10. 

l.t 

03 . Rymbolicaliv, I- = c, where seamount of instalment, 

" 1 X t X I . ' 

1 .j. -y— ^ , 

f ^ the time of an aistalrnent, and /■ the time of discharge. 
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l-te monthly interest on 60 is exactly 5. The capital 
lent out is 35 ; the (amount of the) instalment (to he paid) is 15 
in (every) 3 months. What is the time (of discharge) of that 
(debt) ? 
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tliat interest on one for the time of discharge to which one is 
added ; the capital lent oxit is (thus arrived at ). 

Examples in illudrcdm^^^ 

64. la accordance with the rate of 5 per cent (per meriscni). 2 
months is the time for each instalment ; . and paying the instalment' 
of 8 {on 'each ooe.a,siGii),, a man- here became free (iimi : debt), , in 
no montlis. What is the capital (borrowed by him) ? 

in), A certain person gives once in 12 days an instalment of 
2|, the rate of interest being d per cent (per mensem). What is 
tlie (Capital amoiiiit of the debt discharged in 10 months? 

Idle rule for arriving separately at the various capital-amounts 
which, when combined with or diminished by their respective 
interests, are equal to one anothei’, from their mixed sum, (the 
interests being either added to the capital amounts in all the given 
eases or subtracted from them similarly in all the given cases) : — 
66. One is to bc‘ either combined with or diminished by the 
interest (accruing) tbereon for the (given) period of time (in each 
ease ] ti aeeordanee with the respectively given rate of interest; 
then again in each case,) one is divided respectively by these 
(eom]>inorl or diminished quantities arrived at as before). There- 
after the (given) mixed sum (of the various capital amounts lent 
out) is divided by the sum of these (resulting quotients), and in 
relation to the mixed sum (so treated) the process of imiltipli- 
cation is To be conducted (separately in each ease by multi plying 
it) hj (the corresponding) proportionate part [ol the ahove- 
nientioned sum of the quotients). This gives rise to the capital 


Bjinholicaliy, 


ClTAPtER VI — MIXBD PROBLEMS. 10? 

amounts lent out, whfcli oa being eombinod Avitli or (liiuinishod hy 
tlioir respective amouiics of interest are equal (in value i. 

Exanijjks in iUudration thereof, 

{)7. Tlic iota.] capita] represented by- 8,o20 is invested (in parts) 
at the (respeeiive) i*ates of 3, o and 8 per cent (per niontli). 
Then, 111 this iiivcstiueni, in 5 months tbe eapital amounts lent oat 
arc, on being diniinislied by the (respective) amounts of interest, 
(seen to be) ecpial in value. (What are the respective amounts 
invested thus ?) 

68. The total capital represented by 1,250 is invested (in parts i 
at the (respective) rates of 3, 6 and 8 for 60 for 2 months ; iben, in 
this investment, in 8 months the capital amounts lent out on 
being diminished by the (respective) amounts of interest, (seen to 
be) equal in value. (What ^lre the rospeetive amounts invested 
thus ?) 

69. The total capital represented by 13,740 is invested (in parts) 
at the (respective) rates of 2, 5 and 9 per cent (per month) ; then, in 
this investment, in 4 months the capital amounts lent out are, oii 
being combined with the (respective) amaunts of interest, (seen io 
be) equal in value. (What are the respective anioaiits invested 
thnsf') 

70. The total eapital repre sente cl b}^ 3,646 is invested (in parts) 
at the (respective) rates of li, f and % for 80 (per month) ; then,, in 
this investment, in 8 months (the eapital amounts lent out arc, on 
heiog combined with the respective amormts of interest, seen to 1>o 
equal in value. What arc the respective amounts invested thush) 

The rule for arriving at the capital, the interest, and the time 
of discharge (of the debt) in relation to the debt-amount (paid up) 
ill instalments in arithmetical progression : — 

71. (The required capital amount in the due debt) is that 
capital amount (which results) by adding the product of the 


■7j. The rale is veiy elliptical and ’Wilt become clear from the follovvinc: 
■\yorking of the exaauple contamod iii stanzas 72 — J — 

Here the mztla or the maximtim available amount of an, instalmeat is 00 j this, 
when divided by 7, the amount of the first mstalment, gives or 8}, oX which 
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optionally chosen {maximum available amount of an mstaiment) 
by (whatever happens to bo) the oulstaudi ug (fractional part of 
the number of terms iu the scries), to the amoant of tho (first) 
iustalmont as multiplied by tho sum of that series iu arithmetioal 
progression, which has (om for the first term, one £oi the common 
difference, and has for the number of terms tbc integral value of ) 
tho quotient obtained by dividing (tiie above optionally chosen 
maximum) amount of debt (discharged at an instalment) by the 
(above amount of the first) instalment. The interest thoreou 
is that which accrues for the period of an instalment. The time 
(of an instalment) divided by the amount of the (first) mstaiment 
and multiplied by the (optionally chosen maximum) amount 
of debt (discharged at an instalment) gives rise to the time (which 
is the time of the discharge of tho whole debt). 

MxoM'pl&s w illusiyc^tiofi thereof. 

Tl and 73|- A certain man utilised, (for the discharge of a debt) 
bearing interest at 5 per cent (per month), 60 (as the available 
maximum amount) with 7 as tho fimt instalment amount, increasing 
it by 7 in successive instalments due every f of a month. He thus 
gave m discharge of the debt tho sum of a series in arithmetical 
progression consisting of terms, and gave also the interest 
accruing on those multiples of 7. What is tho debt amount 
corresponding to the sum of the series, what is that interest (which 
he paid) , and (what is) the time of discharge of that debt f 

73-i- to 76. A ceidain man ntilisod for the discharge of a debt, 
bearing interest at 5 per cent (per mensem), 80 (a.s tbo available 
maximum amoimt) with 8 as the first instalment amount, increasing 
it by 8 in successive instalments due every of a month. He thus 

5 represents the number of terms of the series in arithmetical progression, 
which has 1 for the first term and 1 for tho common ditferenee ; and V is tlie 
agraorthe outstanding fractional pai-t. The sum of the above-mentionoa 
series, viz., 36, multiplied by 7, the amount of the first instalment, is added to 
the prednot of t and 60, wliioh latter is the maximum available amount of an 
instalment. Tims, we get 36 X 7 + f X 60 = which is the rcqnii-od caintal 
amount in the due debt. The interest on for ?- of a month at the rate o| 

6 per cent per mensem will be the interest paid on the whole. The time o 
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gave ill discharge of the debt the suni of a series in arilhiiiciieal 
progression consisting of terms and gave also the interest 
aecrning on those multiples of 8. The debt amount (corresponding 
to the sinii of the scries), the interest (which lie paid), and the 
iimo of discharge (of that debt) — tell mo, friend, after ealciilatiiig. 
what the (respective) value of these quantities is. 

Idle I’ule for arriving at the average common interest : — 

77 and 77 Divide the sum of the (various accruing) inierests 
hy the sum of the (various corresponding ) interests d uc for a. moiiili ; 
the resulting quotient is the required time. The product of the 
(assumed) rate-time and the rate-capital is divided hy this required 
time, then nuiltiplic'd by the sum of the (various accruing) interests 
and then divided again by the sum of the (various given) capital 
amounts. This gives rise to the (required) rate-interest. 


An example in illmtration thereof. 

7^^. In this problem, four hundreds were (separately) irivcstc'-d 
at the (respective) rates of 2, 3, 5 and 4 per cent (per mensem) 
for 5, ^5 2 and 3 months (respectively). What is the average 
common time of investment, and what the average common rate 
of interest ‘r 

Idins end the problems bearing on interest in this chapter on 
mixed problems. 


77 ftnd 771. The vain’ous accruing intercst.s ai-e the various uiiiounts of 
interests accruing on the several amounts at the various rates for their respective 
periods. 

« 7,-1, [ C] ^ ^ ^ h ^ h ^ I * / ^'1 ^ ^ ^ h j. 

SjmboUcullyq-^P^-- +---^---0 + ' ^ 

+ . . . I ^ t« or averugo liuie ; 


ia or average intereat- 
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Proportionate " Bi vision. ■ 

! ici'oai’tcr wc sliall expound in (this) chapter on mixed prohlemb 
tbe working of proportionate division : — 

79 1 . The operation of proportionate division, is that whoreiii the 
(givcLi) oollcetive quantity ^ to he divided) is first divided by the 
sum of the numerators of the coinmoii-denoniinator'fraeiioiis 
iroprcsenting the various proportionate parts), the denomiiiators of 
which fractions are struck o3 out of consideration ; and (then it) 
has to ho multiplied (respectively in each case) by (these) proper'- 
tional uumcrafors. This is called kutUkdra hj the learned. 

E.vaniples in illustration thereof, 

SO-t-. Mere, ( in this problem,) 120 gold pieces are divided among 
4 servants in the (respective) proportional parts of -1^, ^ and 
0 arithmetician, tell me quickly what they obtained, 

81- g-. (The sum of) VSS dmdrcfs was divided among five, the 
fii’st one (among them) getting 3 parts, and H being the common 
ratio successively (in relation to the shares of the others). What 
was the share of each? 

82- |- to 8o|-, A certain faithful srdvaka took a number of 
lotus flowers, and going into the Jiiia temple conducted (therein) 
with devotion the worship of the chief Jinas that were worthy of 
vrorship. He otfei’ed I* part to Yrsahlia, k to worthy Parsva, 
and -jV to Jinapati, and -I t to sage Suvrata ; he devotedly gave ~ 
to Aristanemi who destroyed all the eight kinds of Immasmid who 
was beloved by the world ; and -k of f to Jinasanti : 480 lotuses 
wore brought (for this purpose.) By adopting the operation known 

79|. Xu working the example in stanza 80| according to this rule ive get: 
is b 1'! I = /a* 5^3 j is* After removing tlie denominators here, we have 6, H 
and 2. These are also called or proportional numerators. Tlie sum of 

these is 15, hj which the anaonnt to bo disteibuted, viz,, 120, is divided ; and the 
resulting quotient 8 is separately ninltix^lied by the proportional numerators G, 4. 
a unci 2, Then the amounts thus obtained are 6x8 or 48, 4x8 or 32, 3 x 8 or 
2-4, 2x8 or 16, It is worthy of note that ■jprak.yr^a means both the operation 
of propox^tionate division and a proportional numerator. 


Ill 
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as give out the proportioiiale di of tlu^ 

flowers. : 

86|. (A siiiii of) 480 wvas divided among five men in the pru- 
portion of 2^ o, 4, 5 and 6 ; 0 friend, give out (the share of each). 

4'he rule for arriving at (eertam) restdts in i*oqui]'i‘d pru- 

87'|. The (mimber representing the) rate-^^^^ is divided liv 
(the nnniljer representing) the thing purchasable therewith ; (it) 
is (then) multiplied by the (given) proportional number ; liy Jueans 
(jf this, (we get at) the stim of the proportionate parts, (through) 
the process of addition. Then the given amount multiplied bv 
the (respective) proportionate parts and then divided by (this 
sum of) the proportionate pai-ts gives rise to the vnlru' (of the 
various things in the required proportion). 

Another rule for this (same) purpose : — 

88i. Multiply the numbers representing the ratc-priees 
(respectively) by the jiumbers representing 4he (given) propor- 
tions of the (various) things (to be purchased) ; then divide (the 
result) by the (respective) numbers measuring the things purchas- 
able for the rate-price ; the resulting quantities happen to be the 
(requisite) multipliers in the operation oi pi^aknepaha . The intelli- 
gent man may (then) give out the required answer by adopting 
the riile-of-three. 

Again a rule for this (same) purpose : — 

89'J-. The (numbers representing the various) rate-prices are 
respectively divided by their owni related (numbers representing 
the) things purehasahk- therefor and are (then) multiplied by 
their related proportional numbers. With the help of these, the 
remainder (of the operation should be carried out) as before. 

BT'i to Ill working the example in stanza 90| and according to these 
roles 2, 3 and 5 are divided bj S, 5 and 7 respectively and are similarly multi- 
plied by d, 3 and 'l. Tlras we have | x 6, f x 3, f x 1^4, f, jh These are 
the proportional parts. The 3 ‘nles in stanzas and 89v rec{aire th'Si'caiter 
l.he (tperation oF to be applied in relation to these proportionol paHe r 

I'mt the rule in stanza 871 o.xpressly desciibes this operation. 
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The reciuired result is well arrived at by going through the process 
of the rule-of-tliree. 

Examples in illustration thereof . 

90i and &1-|. Pomegranates, mangoes and woodapples are 
obtainable at the (respective) rates of 3 for 2, 5 for 3, and 7 for 5 
papas. 0 you friend, who know the principles of calculation, come 
quickly having purchased fruits for 76 panas, so that the mangoes 
may be three times as the woodapples, and the pomegranates six 
times as much. 

92|- to 944. A follower of Jiiia had the image of Jiiia bathed in 

potf ull of curd s, ghee and milk. Three pots became filled with 72 
fatas (of these) ; 32 palas were found in the first pot and 24 mthe 
second pot and 16 in the third pot. From these (potfuls of mixed- 
np) curds, ghee and milk, find out each of those (ingredients) 
separately and give them out, there being altogether 24 fate of 
ghee, 16 palas of milk and 32 pahs of curds. 

9.5| and 96J. Three pmanas formed the pay of one man who 
is a mounted skier; and at that rate there were 65 men in all. 
Some (among them) broke down, and the amount of their pay was 
given to those that remained in the field. Of this, each man 
obtained 10 purdnas. You tell me, after thinking well, how many 
remained in the field and how many broke down. 

The rule for the operation of proportionate division, wherein 
there is the addition or the subtraction of certain optionally chosen 
integral quantities : — 

97i. The given total quantity is diminished by the integral 
quantities that are to he added, or is eomliined with the positive 
integral quantities that are to be subtracted ; then with the help of 
this resulting quantity the operation of proportionate division is to 
be conduoted, and the resulting proportionate parts are respectively 
combined with those (integral quantities that are to he added to 
them), or they are. diminished (respeotively) by those (integral 
quantities that are to be subtracted). 

97-1. The operation proportionate diviiBion to be eonflacted here ib accortiing: 



Examples in illustration thereof. 

98|. Four men obtained their shares in successively doubled 
proportions and with successively doubled differences in addition, 
the first mSiU obtaining one share : 67 (is the quantity so to be 
distributed) here. What is the share of each ? 

99J. (A sum of) 78 is divided by these fom- (among them- 
selves) in proportions which are successively from the first J-J- 
times (what precedes) and with differences (in addition, which, i 
oommencing with 1, (go on) increasing three-fold. Give out the 
(value of the) parts obtained (by each.) 

lOOJ. (ff he shares of) five (persons) are (successively) from the 
first If times (what goes before), and the differences in addition are 
quantities which are (successively) 2| times (the precedingdifferenee) 
51| is (the total quantity) to be divided. (Find out the values of 
the portions obtained by each.) 

101|. (A sum of) 400 minus 15 is divided byfour men (among 
themselves) in proportions which from the first are 2|- times 
(w'bat precedes), and wliiob (besides) are less by differences which 
are (auooessively) 4 times (the preceding difference). (Find out 
the values of the various portions obtained.) 

I’he rule for arriving at the value of the prices producing 
equal sale-proceeds and at the value of the highest capital (invested 
in the transactions concerned) : — 

102J. The largest capital (invested) combined with om 
becomes the vending rate of the commodity (to he sold). • That 
(same vending rate), multiplied by the (given) price at which the 
romuant is to be sold, and diminished by one, gives rise to the 


The difference quantity to be added to tlic shares here is 1 in tlio case 
of tlie second man, and twice the preceding difference in the case of each of the 
remaining two men j and this difference in the case of the second man is net 
Oi'pressly mentioned as 1 in this example as well as in the example in stanza 101 .1-. 

102|, The examples bearing on this rule contemplate the purchase of & 
commodity at a certain common rate for various capital amounts j thoTi the 
commodity so pnrcliased is to be sold at a certain other common rate.^ That 
■quantity of the commodity which is left over, owing to its not being enongli to 
be sold for a unit of the kind of money employed in the transaolton, is here 

■ 15 ' 
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pQToliasiB^ rate. By reversing the processes, one may amve at 
the valuation of the highest capital (invested in the transaction) . 

Bmihfles in illustration thereof. 

103" The capital amounts invested by (three) men are (re- 
.ppctively) 2, 8 and 36 ; 6 is the price at which the remnants of ^ 
the commodity arc to be. sold. Having purchased and sold^ at 
the same rates, they became possessors of equal wealth. (Find 

ont the buying and selling prices.) 

104^ Those throe persons took up 1|-, ^ and 2-| (as their re- 
sneotive' capital amounts) and concliieted the operations of buying 
and selling (in relation to the same commodity at the same rates of 
*price) ; by selling the remnant (in the end) at a price represented 
by 6. they became possessors of equal wealth. (Find out their 

.buying and selling prices.) _ 

" i05-|-. The quantity measuring the equal wealth is 41, and 
the price at which the remnants of the commodity are sold is 6. 
1} arithmetician, tell me quickly what the highest capital (invested) 
is, and what the (various) capitals are. 

106I-. In the case where 35 tEndras give the numerical measure 
of the equal wealth, and 4 is the price at which the remnant is to 
he sold, you tell me, 0 arithmetician, what the highest capital 

(invested) is. 


spob«n of as the vemtianr, and the price at which this remnant is sold is the 

**™Symbolionllr, let. a, a + b and a + 6 + c be the capitals, where the last is 
the or the largest capital, and let 'p be the oi the leinnant 

pviee; tion, according to the rule, „ + 6 + c + 1 == the renting ruto ; 
and (« + b + C + 1) n - 1 = purchasing rate. 

Fi'orn these, it can be easily shown that the snm of the amounts realised l>j 
selling the eommodity at the vending rate and the remnant at the remnant - 
price turns ont to he the same in each ease. 

It may he noted th&tihe purchasing rate happens in prohlems Imaving on 
this rule to be the same in value as the or tl'® ®qval sale-prooeeds. 

lOi'b It may ho noted here that, according to the rule, it. is only the largest 
sapital that is found ont ; whfle the other capitals required in the problem are 
optionally chosen, so as to he less than the largest capital. 



An emmpk in illmiraUm thereof, 

IIOI, Having invested |, | (respeotivelj), and having 
boiiglit and sold (tlie same commodity),, and with -f- as the remnant- 
price, three merchants became possessors of equal salc'-proceeds 


The rule for arriving at the valao of the prices prodiiciiig 
equal sale-proceeds when the price of the remnant is fractional in 
character: — ' 

107-^, When the re ninaiit^- price is fractional in character, the 
selling and the buying rates are to bo derived as before with (the 
data eonsisting of) the (invested) capitals and the rcninarit-price 
reduced to the ' same denoniiiiator, which is (however), ignored (for ■ 
the time being) ; tliese selling and buying rates are (then re- 
spectively) to be multiplied by (this) denominator and tlic square 
of (this) denominator (for arriving at the required selling and buy- 
ing rates). The value of the equal sale-proceeds is (then obtained) 
by means of the rule-of-three. 


An example in illustration thereof. 


108>|. (In a transaction) -I, ^ are the capital amounts 

(invested respectively by three persons) ; the remnant-prico is 
By purchasing and selling at the same prices, they boeamo 
possessed of equal sale-proceeds, (What is the baying price, what 
the selling price, and what the equal sale-amount ?) 


Again, another rule for arriving at the value of the equal sale- 
proceeds, when the remnant-price is fractional : — 

109|-. The continued product of the highest mirnera.tor, of tu% 
and of (all) the denominators (to be found in the values of the 
capital amounts invested), when combined with the (last) denomi- 
nator belonging to the value of the remnant-prico, gives rise to 
the selling rate. Tiiis multiplied by the remnant-prico, and then 
diminished by one^ and then multiplied (successively) by two and 
all the denominators, becomes the purchasing rate. Then the 
rule-of-three (is to be used for arriving at the common value of 
the sale-amoimts) . 


CHAPTEE' VI — PROBLEMS. • " ^ 115 


116 


GAHITASAKASAMGEAHA. 

(ill the end'., Wliat is the biijing price, what is the selling price, 
9, lid. what the equal sale-amount P) 

The rule for, arriving at (the solution of a problem wherein) 
optionally , chosen quantities' (are) ■ bestowed in optionally chosen 
imiltiples for an optionally chosen number of times ': — 

' Let the pbiiultiniate quantity bs added to the ultimate 

quantity as divided by, its own corresponding iiiultiple number, 
arid let the result of this operation be divided bjr that (multiple 
niiniber which is associated with this) penultimate quantity (given 
in , the problem). What results (from carrying out this operation 
tliTGiigliout in relation to all the various quantities bestowed) 
happens to bedho (required) original quantity. 

'Exmnple^ in illmiration thereof. 

112-1* and il3^. A certain lay follower of Jainism went to a 
Jina temple with four gate-ways, and having taken (with him) 
fragrant flowers offered them (thus) in worship with devotion : — 
At the four gate-wa^^s, they became doubled, then trebled, then 
quadrupled and then quintupled (respectively in order.) The 
nurober of flowers offered by him was five at every (gate-way). 
How many were the lotuses (originally taken by him) ? 

114-I-. Flowers wmre obtained and offered in worship by 
devotees with devotion, the flowers (so offered) being (successively) 
3, 5, 7 and 8 ; (their corresponding) multiple quantities being 
J and (in order. Find out the original number of flowers). 

Thus ends proportionate division in this chapter on mixed 
problems. 



Here we stop tlie dTOsion 
witk the fifth remainder as it 
is the least remainder in the 
odd position of order in the 
series of dwisions carried ont 
laere. 


* It is so called because the method of JcutfiMra explained in the rule is 
based upon a creeper-like chain of figures. 

115|-. The rule will become clear from the following working of the problem 
in stanza I?’o. 117|. 

Here it is stated that 63 heaps of plantains together with 7 separate fruits 
are exactly divisible among 23 persons ; it is required to find out the number' of 
fruits in a heap. Here the 63 is called the ‘ groap-numbor *, and the numenoal 
value of the fruits contained in each heap is called the ‘ group-value ’ | and it is 
this latter which has to be found out. 

How, according to the rule, we divide first the rasi, or group-number 63, by 
the clieda or the divisor’ 23 ; and then we continue the process of division ftsS in 
finding out H.O.F. of two numbers 

23)65(2 

46 


17)23(1 

17 


6)17(2 

^ 12 

5)6(1 


1)5(4 

4 


Here, the first quotient 2 is discai'ded ; the other 
quoiieiits are written down in a" line one below the 
other as in the inargna ; then we have to choose 

1 such a number as, w’hen multiplied by the last 

2 remainder 1, and then combined with 7, (the 

1 number of separate fruits given in the problem,) 

4 will be divisible by the last divisor 1. We 

accordingly choose 1, which is written down 
below the last figure in the chain j and below 
this chosen number, again, is ■written down the 
quotient obtained in the above division with 
the help of the chosen number. 


Vnlli1m-~kuttikdr€i, 


Hereafter shall explain the process of calculation known as 

Valliha-hidUkdra''^':''^-- 


The rule underlying the process of calculation known as 
Vallih'd in relation io Kuftlkd-r a (which is a special kind of division 
or distiibutioii) 

115|. Divide the (given) group-mimher by the (given) 
divisor ; discard the first quotient ; then put down one below the 
other the (various) quotients obtained by the successive division 
(of the various resulting divisors by the various resulting remain- 
ders ; again), put down below this the optionally chosen number. 
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with which the least remainder in the odd position of order (in 
the ahove-Dieutioned process of successive division) is to he multi- 
plied ; and (then put down) helow (this again) this product 
increased or decreased (as the case may he by the given hnown 
number) and then divided (by the last divisor in the above men- 
tioned process of successive division. Thus the Vallxka or the 
creeper-like chain of figures is obtained. In this) the sum 
obtained by adding (the lowermost nnmhcr in the oluiia) to the 
product obtained by multiplying the number above it with the 
number (immediately) above (this upper number, this process 
of addition being in the same way continued till the whole 
chain is exhausted,) this sum, is to be divided by the (originally 


Thus wc get the chain or ValliM noted in the first column of hguves in the 
margin. Then we multiply the penultimate figure below in 
p_„51 the chain, viz., 1, by 4, which is above it, and add 8, the last 

2—38 number in the chain; the refiuiting 12 is written down so as 

X 13 to be in the place corresponding to 4 ; thtni inuitiplying* this 

4—3.2 12 by 1 which is the figure above it in the creeper chain, bnd 

1 adding 1, the figure similarly below it, we get IS in the place 

g of 1 ; X)roceodiog in the same manner 38 and 51 are obtained 

in the places of 2 and 1 respectively. This 51 is divided by 
23, the divisor in the xiroblem ; and the remainder 5 is seen to be the least 
number of fruits in a bunch. 

The rationale of the rule will he clear from the following algcbraicai repre- 
sentation : — 

= V (an integer) == qiX + pi, where pi = 

■ A . . 

. g. — ; ^ELZI?, (where ri = B — Aqi the first remainder) 

==<73^3 d- J'cj where Ps = , and Q- is the second quotient and 

■ ■ ■ 

rg the second remainder. 

Hence, Vi = — — == +■ fZi where ps = — - and is tlie 

■ , ■ , Ts ■ . 

third quotient and rg the third remainder. 

Similarly, ps — L =: pg -j- p^, where P4 = 

,!Mii5'===g5,p4..4-.p5^ .where pg— C 

n 

Thus we have, a? == ^2 pi 4- pg ; 



From this the YalliTca chain pomes out thus Choos- 
ing* 1 as the mati, and adding* the difference between the 
two group-values already arrived at, that is, 
1 IG — 15, or 1, to the product of the mati and the 

1 last divisor, and dividing* this sum by the last 

1 divisor, we have 2, which is to be written down 
1 below- the muti in the ValliM chain. Then pro- 

1 ceeding as before with the vallika, we get 13 > 

2 which, when divided by the first divisor 8, 

leaves the remainder 3. This is multiplied by 
tlie divisor related to the larger group- value, 
viz., 13, and then is combined with the larger 
group-value. Thus 55 is the numi’er of fruits in 
tha heap. - 


given) diyisGr. (The remainder in this la.st division becomes the 
maltiplier with which the originally given group-n amber is to be 
multiplied for t lie, purpose of arriving at the quantity which is to 
be divided or distributed in the maiiner indicated in the problem. 
Where, how'-ever, the given group-numbers, increased or decreased 
ill more than one way, are to be divided or . distributed in more 
than one proportion,) the divisor related to the larger group-value, 
(arrived at as explained above in relation to either of two specified 
distributions), is to be divided (as above) by the divisor (related to 


By choosing a value for such that which is, as shown above, the 

^ 

value of ps, becomes an inreger, and by airanging in a chain q^, qi, qr,, 
and ps we get at the value of x by proceeding as stated in the rnle, that is, by 
the processes of imiltiplioation by the upper quantity and the addition of the 
lo*vver quantity in the chain, w’hich are carried up to the topmost quantity. The 
value of 12 ? so obtained is divided hy A, and the remainder represents the least 

value of X y for the values of x wdiioh satisfy the equation, ssan integer, 

are all in an arithmetical progTession wherein the common difference is A. 

This same rule contemplates problems where two or mot'e condiiions arc given, 
such as the problems given in stanzas 121| to 1294. problem in 121 . 2 - may he 

thus worked out acoorriing to the rnle It is given that a heap of fruits wdien 
diminished by 7 is exactly divisible among 8 men, and the same heap -wlien 
diminished by 3 is exactly divisible among 13 men. 

liTow, according to the method already given, find oat firifc tlie, least number 
of fruits that w-ill satisfy the first condition, and then find out 'the number of 
fruits that will satisfy the second condition. Thus we get the group-values 16 
and 16 respectively. N ow, the divisor related to the larger group-value is divided 
as before l>y tliat related to the smaller group-value to obtain a fresh vallihl 
chain. Thus dividing* 13 by 8 and continuing the division, we have— 

8)13(1 
H 

5)8(1 
■ 5 

3)5(X 
3 

2)3(1 
2 

1 ) 2(1 

1 

1 
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the smaller group-Talue,. so .that a ereeper-like chain ot suoeessh^e,; 
quotients may be obtained in this ease also as before. ’ Below the 
lowermost quotient in this chain, the optionally chosen imiltiplier'. 
of the least remainder in, the odd position, o.f order in this last 
successive division is to be put down ; and ■ below this' again is to ' 
be put down the number which is obtained by) adding the 
difference, between the two group- values (already referred to) to . 
the product (of the least remainder in the last odd position of 
order multiplied by the above optionally chosen multiplier thereof, 
and then by dividing the resulting sum by the last divisor in the 


"VhQ rationale of this process will be clear from the following considerations: — 

, /.V jBi a; + Bo X + 

We have (i) — — j — — is an integer j (ii) 

EaaJ -f 6s 


(iii) 


da 


A, " ' ^ Ao 

is an integer* In (i) Let the lowest value of £C = Si. 


is an integer j and 


In (ii) „ „ ,, a = 82. 

In (iii) „ „ „ £53 = 83. 

(iv) \Yhen both (i) and (ii) are to be satisfied, dAi -f Si has to be equal tw 

Jtvla 4 * Ss, so that Si — 82 == ^•^3 — dAi. That is, — ^ ^ 

' 

From (iv), which is an indeterminate equation with the values of d and h 
unknown, we arrive, according to what has been already proved, at the low'est 
positive integral value of d. This value of d multiplied by and then increased 
by 8i, gives the valne of x which will satisfy (i) and (ii). 

Let this be ; and let the next higher value of x which will satisfy both 
these equations be 

(v) Fow, ti + %J.i = # 2 ; 

(vi) and £1 + mAo = 

^ ” • Thus = mp, and A^ ~ %p^ W'here p is the highest 


Thus Ai = mpj and A 3 
common factor between Aj and A^, 
m 


A , A2 
- — , and n ■ — - 


P :. ' V . 

Substituting in (v) or (vi), we have 
Ai Ao 

ti + -i— = h. 

P 

From this it is obvious that the next higher value of x satisfying the tw'O 
equations is obtained by adding the least common multiple of Ai and Ao to the 
lower value. 

Now again, let v be the value of £C w'hich satisfies all the three equations. 


Then r = ti + 


X r, (where r ia a positive integer) = (say) q + Ir ; 
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above division 'chain; ''T the creeper4ike chain of figtires 
required for the so Latioii of this latter combinecl problem is 
obtained, 'riiis oliain is to be dealt with as before from below 
upwards, and the resulting uiiraber is, to be dmded as before by 
the first divisor in this' last division chain. The remainder obtained 
in this operation is then) to he multiplied by the divisor (related 
to the larger group-value, and to the resulting product, this) 
larger groiip-valiie is to be addei (Thus the value of the 
required multiplier of the given group-number is obtained ; and 
tliis will safisfy both the Bpecifled distributions taken together 
into consideration). 


.Eccamples in illustration thereof. 

116^. Into the bright and refreshing* outskirts of a forest, 
which were fall of numerous trees with their branches bent down 
with tlie weight of flowe.rs and fruits, trees such as jambu trees, 
lime trees, plantains, arena palms, jack trees, date-palms, hinidla 
trees, palmyras, pimndga trees and mango trees — (into the 
outskirts’; the various quarters whereof were filled with the many 
sounds of crowds of parrots and cuckoos found near springs 
containing lotuses with bees roaming about them— (into such 
forest outskirts) a number of weary travellers entered with joy. 

117^-. (There were) 63 (numeiically equal) heaps of plantain 
fruits put together and combined with 7 (more) of those same 
fruits; and these were (equally) distributed among 23 travellers 
BO as to leave no remainder. You tell (me now) the (numerical) 
measuro of a heap (of plantains.) 

118|, Agniii, in relation to 1 2 (numerically equal) heaps of 
pomegranates, which, after having been put together and 


By applj’iiig the principle of mllihd^luUtkdra in tho last equation, tlie 
yalnn of c is obfainei, and tbenee the valne of 'O can be easily amyed at. 

It is seen from this tliat, when, in order to find out % we deal witli tj and 
in accordance wit.li tlie huftlMra method, the eheda or the divisor to be taken in 

relation to ti is the least common multiple of the divisors m the firit 

P • • - , , ^ 

two equations. , , . ' ' ^ • ' , ' ' 


oQtnbmed with 5 of those (same fruits), were distributed similarly 
among 19 traYellers. Give out the (numerical) measure of (any); 

one (heap). . ' . . 

1191 A ti’avellGr' S06S heaps of iiiaiigoos (equal iii niiineiical .,: 

yalue)land makes SI heaps less by 3 (fruits); and when the 
remainder (of these 31 heaps) is (equally) divided among 78 
men, there' is no remainder. Give out the numerical value of 
one (of these heaps). 

1201 In the forest 37 heaps of wood-apples were seen hy 
the travellers.- After 17 fruits were reinove.l (tlicrelrom, the 
remainder) was (equally) divided among 79 persons (so as to leave 
iio remainder). IVhat is the share ohtaiued hy each ^ 

121i. When, after seeing a heap of mangoes in the forest and 
removing 7 fruits (therefrom), it was divided equally ^among 8 of 
the travellers ; and when, again after removing b (fruits) from 
that (same) heap it was (equally ) divided among 13 of them ; it 
left no remainder (in both eases). 0 arithmetieian, tell me (the 
numerical measure of this) single heap. 

122|-. A single heap of wood-apples divided among 2, 3, 4, or 
5 (persons) leaves 1 as remainder (in each case). 0 you who 
know arithmetic, tell me the (nnmerical) measure of that (heap). 

123-1. When (divided) liy 2, the remainder is 1 ; when hy 3, 
it IS 2 ;"when by 4, it is 3 ; when l.y 5, it is 4. Tell me, 0 friend, 
what this heap is. 

124|. When (divided) hy 2, the remainder is 1 ; when by 3, 
there is no remainder ; when by 4, it is 3 ; when by 5, it is 4. 
Tell me, 0 friend, what the heap is (in iiumerioal value). 

125J. When divided hy 2, there is no romainder ; when hy 3, 
there is 1 as remainder ; when by 4, there is no remainder ; and 
when by 5, there is one as remainder. What is this quantity ? 

126-I'. When divided by ,2 (the remainder is) 1 ; when by 3, 
there is no remainder ; when hy 4, (the remainder is) 3 ; and 
when divided hy 5, there is no remainder Tell me now what 
(this) quantity is. 

127'|. The travellers saw on the way certain (equal) heaps of 
jcmbu fruits. Of them, 2 (heaps) were equally divided among 9 



1S0{t. Here tiic known quantity to be remo\'ed is oalled tlie agra. What 
x'emains after the removal of the is the retnamflta’. That fraci ion of ibis 
remainder which is given or taken away is the anr&'ii^'a, and what is left of th«^ 
remainder after the ogrdmsa is given or taken away is the serntrsa or the 
remaining fractional proportion of the lomaindor. Fos* examples where ss is the 
quantity to be found out, and a is the agra in .relation to the first distribufcit n 

with 3 ' as the fractional proportion distrihntecl, happtms to he the 


to he the B^ma, 
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asoeties and left 3 (fruits) as remainder. Again 3 (heaps) were 
(siiTiilarlj) divided among 11 persons, and the remaiiidcr was 5 
fruits ; then again 5 of those heaps were similarly divided among 
'7, and there were 4 more fruits (left out) of them. 0 yon arith- 
metician wlio know the meaning of the kufttkara process of rlis™ 
tiibiitio?.!, tell me after think in g out well the immorical measure 
■of a heap {here). ■ 

1284. In tlie interior of the foirest, 3 heaps (equal in value) of 
poniegranates w(3re divided (equally) among 7 travellers, leaving 
1 (fruit) as remainder : 7 (of such heaps) woi*e divided (similarly) 
among 9, leaving a remainder of 8 (fruits ; again) 5 (of such heaps) 
were (similarly) divided among 8, leaving 2 fruits as remainder. 
0 arithmetician, what (is the numerical value of a heap here). 

129|. There were 6 (heaps of fruits equal in numerical value), 
wliich after being combined with 2 (fruits of the same kind) were 
(equally) divided among 9 travellers (and left no remainder); 
6 (heaps) comhinod with 4 (fruits) were (similarly) divided 
among 8 of them; and 4 (heaps) combined with 1 (fruit) were (also 
similarly) divided among 7 of them. Grive out the numerical 
measure (of a heap here). 

The rule for arriving at the original quantity distributed (as 
desired), after obtaining the remainder due to (the removal of 
certain specified) known quantities : — 

I30-|-. (Obtain) the product of the (given) known quantity (to 
be removed), as multiplied by the fractional propoi-tion of wdiat is 
left (after a specified fractional part of what romains on the 
removal of the given knowm quantity has been given away). The 
next quantity is (obtained by means of) this (product), to whioli 






■.is:m- i3at,eg0r ; and' — — -- is an integer. 

Tlie value of « satisfying these three conditions gives tlie nnmber of fowers, 


is an integer 
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the Specified known qiiaiitity' 'wliicli is to , be taken, away (from 
, the previous remainder) . is added ; .(and: this resulting' s'iim);:;is 
;; multiplied by that (same kind of)- remaining fractional proportion . 
(of the remainder as has been mentioned above) * This is to be 
done as many times as there are distributions to, be made. : .Then,:; 
these quantities so obtained should be deprived of their deiiomiira- 
tors; and these denominator-less quantities (and the successive 
products of the above-mentioned remaining fi actional proportions 
of the lOTiaindcr) are (to be used as) the known quantity and the 
(other elements, viz., the coefficient V multiple (of the iiiikii own 
quantity and the divisor, required in relation to a problem on 
Vallika-hiiUtkdra). 

JEmmples in illustration thereof, 

131J. On a certain man bringing mango fruits (lionie, his) 
elder son took one fruit first and then half of what remained. 
(On the elder son going away after doing this), the younger (son) 
did similarly (with what was left there. He further took half 


The rule will be clear from the following working* of the problem in I32.3- — 
133 - 1 :— 

Here 1 is tbe first ayra, und -g is the first aijrdiiiiai therefore l — -3or| is 
the sesmhsa, Now, obtain the product of agra and sesdti^a or 1 x -f or IVrite it 

down iu 2 places. | j * p 

Eepeat the qiuintifcies [ | j » second ayra 1 (to one of the quantities) 

Then we have j niultip)ly both by the next sesdiida I — 3 or §, so that you get 

{V 

Take these figures and add the third agra J as before j and you have 

f yi » multiply by uJie next sesdwsa 3 — | or f and by tlie last avifa or | j and 

^ r 3 A 1 

you have 

The denommators of the first fractions in these three sets of fractions 
inarKod I, II, III, are dropped, and the irumerators repioseut negative agras in 
a on YalliJxd-'knUtMrd^ wherein the numerator and the denornma tor of 

each of the second fractions in those sets represent respectively the dividend 
coefficients and the di^dsor. Thus we have 
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of what was thereafter left) ; and the other (son) took the other 
half. (Find the number of fruits brought by the fatlicr.) 

132| and A certain person went (witli flowers) into a 

Tina temple which was (in height) three times the height of a man. 
At first he offered one (out of those flowers) in worship at the foot 
of the Jiiia and thou (offered in worship) 'one« third of the remaiiiiiig 
number (of flowmrs) to the first height-measure (of the Jina.), Out 
of the remainiag two-thirds (of the number of flowers, he conduc- 
ted worship) in the same inaiiiier in relation to the second height- 
measure ; and (then ho did) the same thing in relation to the third 
height-measure also. The twm -thirds which remaiued at last w'ero 
also made into o equal parts (hy him) ; and having w^orshipped 
the 24 trrthahlmras (with these parts at the rate of eight 
Urthahkaras for each part), lie went away with no (flower) on 
hand. (Find out the number of flowers taken by him.) 

Thus ends simple ICufSkdra in this chapter on mixed problems. 


Visama-^k'UttiJmra 


Hereafter we shall expound complex hiWkdra. 

The rule relating to complex hiitfikdra ; — 

134}. The (given) divisor, (written down) in two (places), is to 
be multiplied (in eaeli place) by an optionally chosen number ; and 
the (known) quantity given (in the problem) for the purpose of 
being added is to be subtracted (from the product in one of these 
places) ; and the qaantit.y given (in the problem) for the purpose 
of being subtracted is to be added (to the product noted dowm in 
the other place. The two quantities tlius obtained are) to bo 
divided by the knowm (coefficient) multiplier (of the unknown 


The vyoi’ds Tismna and Bhinna hero used in' relation to KutpJkara have 
obviotii^Iy the same mea,niiig and refer to the fraotionai character of the dividend 
quantities occurring' in the problems contemplated by the rule. 


' I V 1 ' I 
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quantities to bo distribiited in accordance with the problem). Bach 
(of the quotients so obtained) happens to be the required (quantity 
which is to be multiplied by the given) multiplier in the process 
of Wiinnakuipkdra.'" 

Ah example in iUustraiion thereof. 

135i. A certain quantity multiplied by 6, (then) increased by 
lOaud?then) divided by 9 leaves no remainder. Similaiiy, (a 
certain other quantity multiplied hy S, then) diminished by 10 (and 
then divided by 9 loaves no remainder). Tell me quickly what 
those two quantities are (which are thus multiplied by the given 
multiplier here). 


Sakala-kiittiUara. 

The rule in relation to 

136-1-. The quotient in the first among thedi visions, carried on 
by means of the dividend-coefficient (of the unknown quantity to 
be distributed), as well as by means of the divisor and the (succes- 
sively) rosultiug remainders, is to be discarded. The other quotients 
obtained by means of this mutual division (carried on till the 
divisor and the remainder become equal) are to be written down 
(in a vortical chain along with the ultimately equal remainder 
and divisor) ; to the lowermost figure (in this chain), the remainder 
(obtained by dividing the given known quantity in the problem by 
the divisor therein), is to bo added. (Then by means of these num- 
bers in the chain), the sum, (which has to be) obtained by adding 
(successively to the lowermost number) the product of the two 


136|. This rule will become dear from the following working of the problem 
given in 137 i- : — 

The problem is, when is an integer, to line! out the values of 

Eemoving the common factors, we have is an integer* 
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numbers immediatel y above it, (till the topmost figure in the chain 
becomes included hi the operation) . is to be arrived at. (Thereafter ) 
this resulting sum rmd the divisor in the problem (give rise), in the 
shape of two romainders, (to the two values of) the imhnown 
quantity (whieb. is to be multiplied by the given dividend-coefficient 
in the problem), which (values)aro related either to the known given 
rfuantity th;it is to be added or to the known given quantity that 
is to be subtractecL acooriling as the number of figure-links in the 
above-mentioned chain of quotients is even or odd. (Where, 
however, the given groups, increased or decreased in more 
than one way, are to be divided or distributed in more than one 
proportion), the divisor related to the larger group-value, (arrived 
at as explained a^sove in relation to either of two specified distri- 
butions), is to be divided over and over (as above bj^ the divisor 


Carry oat tlie reqaired proress o£ continued division 

67)59(0 

■ . '0 


59)67(1 

69 


After discarding the first quotient, the others are written 
down in a chain thus : — 


6 ) 8(2 

0 


2)8(1 

2 

1 ) 2(1 

1 


1 

7 

2 

1 

1 

1 

1 + 13: 


8)59(7 1 Below this aro next wnttcn down 1 and I, 

56 7 the last equal divisor and remainder. Here 

also, as in YalUM-kujitkiTa^ it is worthy 
of note that in the last division there can he 
really no I’emaihder, as 2 is fully divisible 
by 1. But since the last rejuninder ig 
14 wanted for the chain, it is allowed to occiir 
by making* the last .quotient smaller than 
possible. And to the last number 1 here, add 
iSj Vyhich is the remainder obtained by 
dividing SO by 67 j the 14 so obtained is 
- also written down at the bottom of tlu) chain, 

1 which now becomes complete. 

Now, by the continued process of nmltiplying and adding the figures in this 
chain, as already explained in the note under stanza No. 11 5|, 
■\ve aiu'ive nt S02. This is then divided by 67 j and the remain- 
der 57 is one of the values of when 80 i? taken as negative 
owing to the number of ftgurcs In the chain being odd. When 
80 is taken a*? positive, the value of. n: is 67 - 57 or 10. If the 
number of hgnres in the chain happen to be even, then the 
value of a; iii'Et arrived an is jii relation to the positive apm ; 
if thia value be sn-Araoted fiom the divisor, the value of # iu 
relation to a negative agra is arrived at, 


1—392 

7—346 

9 p 

1_15 

1 

14 
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5d ':t0; :tlie sinaller '.group-Talue obtained ; as. above, -so,: that^^n 
e.rdike chain of .,stiecessi’s?e' quotients; may ,be .obtained,, in; this 
also. Below 'the ■' lowermost ' . . quotient ' in , this , ohain ' , tho:: 
lally chosen multiplier', of the' least .remainder in the- odd 
.on of order in this last, sueoessive' division. is to ;be piit,,do,in. 


The prinoipie iinaeriying- the process given ni nie rme ns tne same as that 
expliinecl in the rule rcgardiKig’ faJWkff’lcutfiktyra — Imt wuli this dilferonco. 
namely, lliat tlio.lasi:. two figares in the chain here are obtained in a different way. 

Again, from the rationale g’h;on in the footnote to rale in 115-^, Gh, 
it will 1)0 seen that the ayra, b, associated with tlie rema-inrler in the odd position 
of order, has the same algebraical sign as is given to it in tlie jvrobleni ; 
while the sign of the ayra, h, associated with the remainder in the even position ol' 
order is opposite to its sign as given in the in'obleni. Hence, wbon the 
continued division is carried np to a remainder in the odd pcsitiou of order, the 
value of a arrived at therefrom is in relation t> ^uch an ayra as has its sign 
unchanged; on the other hand, wdien the contimied division is carried up to a 
remainder in the even position of order, the value cf x arrived at therefrom is in 
relation to an uf/rct that has itvS sign changed. When the ii umber of i*ema.inders 
obtained is odd, the number of quotients in the chain is even ; and \rhen the 
remainders are even, the quotients are odd in number. As the agra associated 
with the last remainder is in this rule always taken to be positive, the value of 
aj arrived at is' in relation' to the positive agra, if t]\e last remainder happens to 
be ia the odd position of order. And it is in relation to the negative agra^ if the 
last remainder happens to be in the e?en position of order. In other words, li- 
the number of quotients bo even, the value is in relation to the positive ayra; 
and if fcho number of quotients be odd, it is in relation to the negative agra. 

The value of a? in relation to the positive or the negative agra being thus 
found out, the other value is arrived at by subtracting this value from the 
divisor in the problem. How this uirns out will be cle.ir from the following 
representation : — 

= an integer. Here let x = c j then — -i— = an integer. We 


is also an integer. Hence 


know tha- 


integei*. 

It has to bo noted here that the common factor, if any, of the three given 
numerical (piantities is to be rcni)ved before the operation of continued division 
is begun. The last divisor and the last remainder being required to be equal 
it will invariably happen that these come to bo 1. 

The mati, required to be chosen in the rale relating to the Y (dliM -haWMra 
and required to be written below the chain of quotients, is in this rule always 1, 
the hist divisor being 1. Therefore the last divisor here takes the place of the 
mati in the Vallifid’kxUpmra. It -will be seen farther tliat the last fignye of 
the chain obtained according to this rui^^, f.e., 1 + agra, is the .same as the last 
dgore in the chain oMained in the TalUlcd^Xitfiktha by dividing by tha last- 
divisor ih« sum of th^ -aspm.-ahd the product of the as multiplied by the 
last remainder. 
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as before ; and below this again is to be put down) the number 
which is obtained bj adding the difference between the two 
group-values, (already referred to, to the product of the least 
remainder in the odd position of order multiplied by the above 
optionally chosen multiplier thereof, and then by dividing 
this resulting sum by the last divisor in the above division 
oliain. . , 

Thus the creeperdike chain of figures required for the solution 
of this latter kind of problem is obtained. This ehaiii is to be 
dealt with as before from below upwards, and the resulting 
number is to be divided as before by the first divisor in this last 
division chain. The remainder obtained in this operation is then 
to be) multiplied by the divisor (related to the larger group-value) s 
and to the resulting product this larger group-value is to be 
added, 

(Thus the value of the required multiplier of the given group 
number is obtained so as to satisfy the two specified distributions 
taken into consideration.) 


Eccamples in illustration {hereof. 


137-|. One hundred and seventy-seven (is the dividend-eo- 
eifieient of the unknown factor), 240 is the known quantity 
associated (with the product so as to be added to or subtracted 
from it) ; the whole is divided by 201 (and leaves no remainder). 
What is the (unknown) factor hero (with which the given dividend- 
coefficient is to be multiplied) ? 

138|-. Thirty-five and other quantities, 16 in number, rising 
(thence successively in value) by 3, (are the given dividend-co- 
efficients). The given divisors are 32 (and others) as successively 
increased by 2. And 1 successively increased by 3 gives rise to the 
associated known (positive and negative) quantities. What are 
the values of tho (unknown) factors (of the known dividend- 
coefficients), according as they are additively associated with 
positive or negative (known) numbers ? ; 

■ ' • ' If . , 
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:'Tlie rale for separating the prices of (an interehangeable) larger 
and (a similar) smaller nnmher of two different things from the 
given mixed sums of the prices of these things :• — 

' 1'3,9|-. From the higher price-sunij as multiplied by the corre* 
spending larger nnniber of one of the two kinds of things, siilitraet 
the lower price-number as multiplied by the smaller number 
relating to the other of the two kinds of things. Then divide the 
result by the difference between the squares of the numbers 
relating to these things. This gives rise to the price of the thing 
which is larger in number. The other, that is, tiie price of the 
thing which is smaller in number, is obtained by interchanging 

the multipliers. 

An example in illmtration ihereof, 

140|- to 142-J-. The mixed price of 9 citrons anci 7 fragrant 
wood-apples is 107 ; again the mixed priee of 7 citrons and 9 
fragrant wood-apples is 101, 0 you arithmetician, tell me quickly 
the price of a citron and of a wood-apple here, having distinctly 
separated those prices well. 

The rule for separating the prices and the numbers of different 
mixed quantities of different kinds of things from their given 
mixed price and given mixed values : — 

143|. The (different) given (mixed) quantities (of the different 
things) are to be multiplied by an optionally chosen number; the 
given (mixed) price (of these mixed quantities) is to be diminished 
(by the value of these products separately). The resulting quantities 

139 Algebraically, if 

, ax -f hy=^m ■ ■ 

and bx f 

then a‘-^x •¥ ahy •== am 
and + ahy = bn, 

, /. h^) = am — hn, 

bn 

a; 

I4f3i. The rule will become clear bj the following working of the problem in 

The total number of fruits in the iirst heap is 21. 

Do. do. ' second do. 22. 

Do. do, third do. 23. 



are to he divided (one after another) by an optionally chosen number 
(and the remainders again are to he divided by an optionally chosen 
number, this process being repeated) over and over again. The 
given (mixed) quantities of the different things are to be (succes- 
sively) diminished by the corresponding quotients in the above 
process. (In this manner the numerical values of the various 
things in tlie mixed sums are arrived at). The optionally chosen 
divisors (in the above processes of continued division) combined 
with the optionally chosen multiplier as also that multiplier 
constitute (respectively) the prices (of a single thing in each 
of the varieties of the gken different things). 


Ohoosc any optiuniil number, say 2, anrl multiply with it these total number*; 
we get 42, 4-t, 40. Subtraofc those from 73, the price o( the respective heaps. The 
remainders are S ! , 29, and 27, These are to be dinded by another optionally 
chosen number, say 8. Tbe quotients are 3, 3, 3, and the remainders are 7,5 
and 3. These reniHinclers are again divided by a third optionally chosen number 
say 2. The quotients are 3, 2, and the remainders are 1, 1, These last 
remainders are in their turn divided by a fourth optionally chosen number 
which is 1 here. ^ The quotients are 1, 1, 1 with no remainders. The quotients 
derived in relation to the first total number are to be subtracted from it. 
Thus we get 21 -*• (3 + 3 + 1)==14 .; this number and the quotients 3, 3, 1 
represent the number of fruits of the different sorts in the first heap. 
Similarly we got in the second gr.mp 16, 3, 2, 1, and in the third group 18, 3, 1, 
1, as the number of the different sorts of fruits. 

The prices are the iinst chosen miulLiplier, viz., 2, and its sums with the 
other optionally cdioseu miiitipliers. Thus we get 2, 2 + S or 10, 2 + 2 or 4, and 
2 4-1 or 3, us the priee of each of the four different kinds of fruits in order. 

The principle underlying this n etliud will bo clear from fcho following 
algebraical representation : — 

ax 4* by + cz +dw = y} * I 

u. 4 6 *i" c 4' d =. w ,;i, ■ ■ ... ■ ■ ■ JI' 

• Let w = .s, . 

Mn]tipl 5 dng II by s, we have & (e» h h -i- c + d) ^ sn- III 

Subtracting HI from I, we get a (a;-*-) 4 6 (?/~a') 4 c (z— s)== 

IF 

Dividing lY by we get a as the quotient, and ?> (y-.s) 4 

the remainder, where x — 5 is a suitable integer. 

Similarly we proceed till the end. 

Thus it will be seen that the successively chosen divisors .r — .v, y — and 
z — when combined with .h-, give the yalne of the various prices, s by itself 
being the price of the first thing ; and flmt the successive quotieniF c, along 
with n — (c5 4 b 4 c) are the numbers measnrmg the various kinds of things. 

It may be noted that, in tliis rule, the number of divisions to bo carriei oat is 
one less than the number of tho kinds of things given, and that thaieshoald 
b® no remainder left in the last division. 
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,An example in illmtration ikereof. 

. 144| and 145|-. Thei-^ are here fragrant citrons/ plantainsj 
' wood-apples • and pomegranates mixed up (in three heaps). The 
number of fruits in the first (heap) is 21, in the second 22, and In 
the third 2S. 'The combined price of each of these (heaps) is 73. 
What is the number of the (yarions) fruits (in each of the heaps), 
and what the price (of the different varieties of fruits) ? 

The rule for arriving at the numerical value of the prices of 
dearer and cheaper things (respectively) from the given mixed 
value (of their total price) 

146|. Divide (the rate-quantities of the given things) by their 
rate-prices. Diminish (these resulting quantities separately) by 
the least among them. Then multiply by the least (of the above- 
mentioned quotient-quantities) the given mixed price of all the 
things ; and subtract (this product) from the given (total number 
of the various) things. Then split up (this remainder optionally) 
into as many (bits as there are remainders of the above quotient- 
quantities left after subtraction) ; and then divide (these bits by 
those remainders of the quotient-quantities. Thus the prices of 
the various cheaper things are arrived at). These, separated from 
the total price, give rise to the price of the dearest article of 
purchase. 

Examples in ilkidt'ation thereof , 

147|- to 149. In accordance with the rates of 3 peacocks for 
2 pamsj 4 pigeons for 3 panas^ 5 swans for 4 pana%^ and 6 sdrasa 


146 1. The rule will be clear from the following v/orkiug of the i^roblem 
girea in 147^ — 149 : — 

Divide the rate-quantities 3, 4, o, 6 by the respective rate-prices 2, 3, 4, 5 ; 
thus we have f , I, f . Subtract the least of these f from each cf the other three. 
We get 1 - 0 , 20 . By multiplying the ,givon mixed price, 56, by the above- 

mentioued least quantity, we have 56 x f . Subtract this from the total 

number of birds, 72, Split up the remainder into any three parr.s, say f, 
Dividino: these respectively by fs, we get the pricei of the drst three 
kinds of birds, 12, 36. The price of the fourth variety of birds can be found 
out by subtracting all these three prices from the total 56. 
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birds' for 5' paMSj purcli^^ 0 friend,, for '56 pams 72 birds and 
bring them (to me) So saying a man gave over the pnrobase- 
money (to his friend). Calculate quickly and find out how many 
birds, (of each ?ariety ' he bought) for how many 
■ 150. For Z pah^ of ginger are obtained ; for 4Lpancm, 

11 paks of long pepper ; and for 8 punas, I pda of pepper is 
obtained By means of the purchase-money of 60 pamss quickly 
ohtain 68 pahs (of these drugs). , ' »' 

The rule for arriving at the desired numerical value of certain 
specified objects purchased at desired rates for desired sums of 
money as their total price 

151. The rate- values (of the various things purchased are each 
separately) multiplied by the total value (of the purchase-money), 
and the various values of the rate-money are (alike separately) 


16i. The following working of the problem given in 152^153 will illustrate 
the rule ; — 


— Write down the rate-things and the rate-prices in 
;00 two rows, one below the other. Multiply by the total 
100 pi-ico and by the total number of things respectively. 
~ Then subtract. Eemove the common factor 100. Multi- 

Q ply by the chosen numbers 3, 4, 5, 6. Add the numbers 

— in each horizontal row and remove the common factor 6. 
6 Change the position of these figures, and write down in 
0 two rows each figure as many times as there are compo- 

~ nent elements in the corresponding sum changed in position, 
Q ^Multiply the two rows by the rate-prices and the rate- 

things respectively. Then remove the common factor 6. 

Multiply by the already chosen numbers 3, 4, 5, 6. The 
numbers in the two rows represent the proportions 
according to which the total price and the total number of 
things become distributed, 

^ This rule relates to a problem in indeterminate 
^ equations, and as such, there may be many sets of answers, 

these ausM'-ers obviously depending upon -the quantities 

313 chosen optionally as multipliers. 

It can be easily seen that, only when certain sots of 
numbers are chosen as optional multipliers, integral 
2 answers are obtained j in other oases, fractional answers 
aro obtained, which axe of course not wanted. For an 
36 explanation of the rationale of the pr’oees, see the note 
1^ given at the end of the chapter. ’ ; ' ' ' 
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multiplied by the total number of tbiiigs piircliased ; (the latter 
products are subtracted ' in .order from tlie f o.mier prodiicts, ; ' the 
positive remainders are all written down in a line below, the 
negative remainders in a line above and all these are reduced to 
their lowest terms by the removal of the factors which are common 
to all of them. Then each of these reduced) differences is multiplied 
by (a separate) optionally chosen quantity ; (then, those products 
which are in a line below as well as those which are so above 
are separately added together) ; and the sums are written upside 
down, (the sum of the lower row of numbers being written above 
and the sum of the upper row being written below. 1 hese siiina are 
also reduced to the lowest terms by means of the removal of 
common factors, if any ; amcl the resulting quantities) are each 
of them written down twice, (so as to make one be below the 
other, as often as there are component elements in the correspond- 
ing alternate sum. These numbers thus arranged in two rows) are 
multiplied by their respective rate-prices and rate-values of things, 
(the rate-price multiplication being conducted with one row of 
figures and the rate-number multiplication being in relation to the 
other row of figures. The products so obtained are again reduced 
to their lowest terms by the removal of such factors as are com- 
mon to all of them. The resulting figures in each vertical row are 
separately) multiplied (each) by (means of its corresponding 
originally chosen) optional multiplier. (And the products should 
be written down as before in two horizontal rows. The niimhers 
in the upper row of products give the proportion in which the 
purchase money is distributed ; those in the lower row of products 
give the proportion in which the corresponding things purchased 
are distributed. Therefore) what remains thereafter is only the 
operation of prahepaka-Jcaraua (proportionate distribution in 
accordance with rule-of-three). 

An example in ilhistraiion thereof > 

152 and 153, Pigeons are sold at the rate of 5 for 3 {panm)^ 
mram birds at the rate of 7 for 5 (panas)^ swans at the rate of 9 for 7 
(panM)y and peacocks at the rate of 3 for 9 A certain man 
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was told to briiig at these rates 100 birds for 100 f or the 

amiisemerih of the^ son, and was sent to do so. What 

(amount) does he give for each (of the various kinds of birds that 

he buys) ,? 

The rule for arriving at the measure of two given commodities 
whose prices are interelmnged:— ' 

154. Let (the numerical value of) the sum of the (total selling 
and buying) money-prices (of the two given commodities) be 
divided by (the numerical measure of) the sum (of the commodities 
put together) ; then let the difference (between the above-mentioned 
baying and selling prices) be divided by the (numerical measure 
of any such) difference as may be obtained by subtracting any 
optionally chosen commodity-quantity from the given measure of 
the sum of the given eommodities. if the operation of safikmmam 
is conducted in relation to these, (viz., the quotient ol)tained in the 
first operation above and any one of the many quotients that 
may be obtained in the second operation), the rates at which 
those commodities are purchased is obtained. Then if the same 
operation of sankramana as relating to the sum of the eommodities 
and to thair difference is carried out, it of course gives rise to (the 
numerical measure of) the eommodities (in question). The alter- 
nation (of these above-mentioned purchase-rates) gives rise to the 
sale-rates. This is the solution of (this kind of) problems as 
propounded by tlie learned ; and the rule (itself) lias been declared 
by the great Jina. 


154. The algebi’aical representatioa of the method described in the rule may 
be given thus in relation to the problem proposed in stanzas 155 and 156' — 


Let ax -h by = 104. ... 

ay ^ l)X = 116 .. 

a 4* h= 20 , '.f. 

-Adding: I and il, we have (a + 6) (a? -f = 220 
X i y ==11 , ■; ' *'». , , 

Again subtracting X from IX, we get {H’-rb) (y— = 
liTnw 2b is optionally chosen to be equal to 6* 
a -f 5 — 2^ or « — 1=20 — G or 14;, . . , ,• ’ 

.y- 


I 

II 

Ilf 

IV 

V 


:12 


VI 

VIT 


Garry out the operation of sa^iJcrammja with reference to Yll aad V# and 
V X and Til j and the Tallies of a?, y, a and h are all made out. . 
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An example in tUusimtion thereof , 

'■ 155 and 156.' The original price of one piece of sandalwood, 

and one piece of agaru wood, they heing togetlier .20 palaa.Qm 
.weight), is 104 pams; when after a time they were sold with; 

. their' prices, niiitually altered, 116 pams w^ere obtained. : .Tou;.', 
give out their buying and selling rates and the iinm.erical measure' 
of tne eommodities, taking 6 and 8 separately as the optional 
(number) needed by the rule. 

The rule for arriving at the distance in travelled by 

the horses of the sun^s chariot when yoked as desired : — 

157. The number representing the total divided by the 

total number of horses, gives the gdjanas (which each has at a stage 
to travel) in turn These yojanas^ as multiplied by the optionally 
chosen number of horses to be yoked, give the measure of the 
distance to be travelled over by each horse. 

An example in illmtration thereof. 

158. It is well-known that the horses belonging to the sun’s 
chariot are 7 . ¥our horses (have to) drag it along, being harnessed 
to the yoke. They have to do a journey of 70 yojanas. How 
many times are they unyoked and how many times yoked (again) 
in four? 

The rule for arriving at the value of the commodity to be found 
in the hands of each ( of a body of joint proprietors), from the 
conjoint remainder left after subtracting whatever is desired from 
the total value of all the commodities :~ 

159. Let the sum (of the values of the conjoint remainders) of 
the commodities be divided by the number of men lessened by one ; 
the quotient will be the total value of all the commodities (owmed 
in common). This total value as diminished by the specified values 
gives (in the corresponding cases) the value of commodity in the 
hands (of each of the proprietors in turn). 

An example in illustraUon thereof, 

180 to 162. Four merchants who had invested their money m 
common were asked each separately by the customs officer what 
the value of the commodity (they were dealing in) was ; and one 
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eminent meroliant (among them), deducting Ms own investmentj 
saidtlmt that (value) was in fact 22. Then another said that it 
was 23 ; then another said 24; and the fourth said that it was 27 ; 
(in saying so) each of them deducted his own invested amount 
(from the total value of the coininoditv for sale). 0 friend, tell 
me separately the value of the (share in the) commodity owned 
'."by , each.. " 

The rule for arriving at equal amounts of wealth, (as owned 
in precious gems,) after mutually exchanging any desired number 
of gems : — 

163. The number of gems to be given away is multiplied by 
the total number of men (taking part in the exchange). This 
product is (separately) subtracted from the number (of the gems) 
for sale (owned by each) ; the continued product of the remainders 
(so obtained) gives rise to the value of the gem (in each case), 
provided the remainder relating to it is given up (in obtaining 
such a product). 

Ecccmples in illmiraiion thereof. 

164. Tho first man had 6 aziire-blue gems (of equal value), the 
second man had 7 (similar) emeralds, and the other — the third 
man — had 8 (similar) diamonds. Each (of them), on giving to 
each (of the others) the value of a single gem (owned hy 
himself), became equal (in wealth-value to the others. What is 
the value of a gem of each variety ?) 

165 and 166. The first man has 16 azure-blue gems, the 
second has 10 emeralds, and the third man has 8 diamonds. Each 
among them gives to each of the others 2 gems of thn kind owned 
by himself ; and then ail three men come to bo possessed of equal 


103 . Let wi, w, be respectively the numbers of the tliree binds of g‘©ms 
owned by three different persons, and a, the number of gems muta-UI)’- os: changed j 
and let y, ss, be the value iu order of a - single gem in the ihr-ee varieties 
concerned. 

Then It may be easily found out as I’eqnired that == (n — Ba) {p — j 

/y =s« — 3 d) (35 »«) j 
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wealth. Of what nature are the prices of those azure-blue gems, 

emeialds, and diamonds ? 

The rule lor arriving at the (value of the) invested capital by 
means of the rate of purchase, the rata of sale, and the profit 

■ oMainad . 

167. The buying and the selling rate-measures of the com- 
modity are eaoh multiplied alternately by the rate-prices ; (the 
product obtained with tiio help of) the baying rate-measure is 
divided by (the other product obtained witli the aid of) the selling 
rate-measure. The profit, divided by the resulting quotient as 
diminished by one, gives rise to the originally employed capital 
amount, 

jiji 

168. A merchant buys at the rate of 7 pmsi/ias of grain for 3 
pmas, and sells it at the rate of 9 pradhas for 5 2Mnas, and makes 
a profit of 72 pama. What is the capital employed in this tran- 

saetion, ? 

Thus ends Sakcda-Mmdra, in the chapter on mixed problems. 


Hereafter we shall explain that Jadtl-kdra whieli eorisists of 
ealoulations relating to gold. 

The rule for arriving at the mrm of the resulting mixed gold 
obtained by putting together (different cornponeBt varieties of) 
gold of (various) desired vwmas 

169. It has to he known that the (sum of the various) products 
. of (the various component quantities of] gold as multiplied by 
(their isspeotive) fmmaSf when divided by (the total quaistitj of) 


167. If th® baying rate is a things for and the selling rate is c tiimgs for 
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the mixed gold. gives rise to the (resulting) mrna, (The original 
varm of anj component part thereof), when divided by the latter 
resulting varm (of the mi:s:ed up whole), and multiplied by the 
(given) quantity of gold (in that component part), gives rise to 
(that) corresponding quantity of (the mixed) gold (which is equal 
in value to that same component part thereof). 

An example in illiisiration thereof, 

170 to 171|-. There are 1 part (of gold) of 1 varna^ 1 part of 2 
varms^ 1 part of 3 mrm%, 2 parts of 4 mrms, 4 parts of 5 mrms^ 

7 parts of 14 varms. and 8 parts of 15 varms. Throwing these into 
the fire, mate them all into one (mass), and then (say) what the 
varm of the mixed gold is. This mixed gold is distributed among 
the owners of the foreg-oing parts. What does each of them get ? 

The rule for arriving at the required weight of gold (of: any 
desired va?yia equivalent in value to given quantities of gold) of 
given vcrrnas : — 

172J. The given quantities of gold are all (separately) multi- 
plied by their respective varnas, and the products are added. The 
resulting sum is divided by the total weight of the mixed gold ; 
the quotient is to be understood as the resulting average varna. 
This (above-mentioned sum of the products) is separately divided 
by the desired varnas (to arrive at the required equivalent weight 
of this gold). 

' ’Examples in ilhistration thereof, 

173|.* Twenty panas (in weight of gold) of 16 varims have been 
exchanged for (gold of) 10 varms in quality ; you give out how 
many pimmas (in weight) they become now# 

174|. One hundred and eight (in weight of) gold of I lf varnas 
is exchanged for (gold of) 14 varms. What is the (equivalent 
quantity of this new) gold ? 

The rule for finding out the unknown mrm 

175 From the product obtained by multiplying the total 
quantity of gold by the resulting mr^ of the mixture, the lumof . 
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the products obtained by multiplying the (several component) 
quantities of gold by (their respective mrms) is to ho subtracted. 
The remainder, when divided by the known component quantity of 
<,old (the varna of which i-s to be found out), gives rise to the 
required mrna ■, and when divided by the difference between the 
resulting varm and the known mrna (of an unknown component 
quantity of gold) gives rise to the (required weight of that) gold. 

Another rule in relation to the unknown varm 
176J. The sum of the products of the (various component 
quantities of) gold as multiplied by their respective varnas is to be 
subtracted from the product of the total quantity of gold as multi- 
plied by the resulting varna. AVise people say that this remamdei 
when divided by the weight of the gold of the unknown varru 
to the reauired varna. 


Examples in illustration thereof . 

177i and 1T8. With gold of 6, 4 and 3 (in weight), characterised 
respective! V by 13. 8 and 6 as their varnm, h in weight of gold of 
an unknown mrm\^ mixed. The resulting varm of the mixed 
gold is 11. t) you, friend, w'ho know the secrets of calculation} 
Ml me the numerical value of this unknown vemn. 

179. Seven in weight (of a given specimen) of gold has exactly 
14 as the measure of its varna-, then 4 in weight (of another specimen 
of gold) is added to it. The resulting ma-na is 10. Give out the 
unknown varm (of this second specimen of gold). 

The rule for arriving at the unknown weight of gold 

180. Subtract the sum, obtained liy adding together the 

products of the (various component quantities of) gold as multiplied 
bv their respective wrmas, from the product of the sum (of the 
} i nf o-nld a,s multiplied by the now durable resulting 
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An eosmnple in illndration thereof. 

181 . Three pieces of gold, of 3 each in weight, and of 2, 3, 
and 4 va^rncbe (respectively), are added to (an unknown weight of) 
gold of 13 vamas. The resulting varm comes to be' 10. Tell 
me, 0 friend, the measure (of the unknown weight) of gold. 


The rule for arriving at (the weights of) gold (corresponding 
to two given varms) from, (the knowm weight and mrm of) the 
mixture of two (given specimens of) gold of (given) varms : — 

182. Obtain the differences between the resulting vania (of the 
mixture on the one hand) and the known higher and lower varms 
(of the unknown component quantities of gold on the other hand) ; 
divide one by these differences (in order) ; then carry out as befoi^e 
the operation of praksepalm (or proportionate distribution with the 
aid of these various quotients). In this manner it is possible to 
arrive even at the value of many component quantities of gold also. 


Again, the rule for arriving at (the weights of) gold (corre- 
sponding to two given varms) from (the known weight and varm 
of) the mixture of two (given specimens of) gold of (given) 
vanias : — 

183. Write down in inverse order the difference between the 
resulting varna and the higher (of the two given varms of the two 
component quantities of gold), and also the difference between 
the resulting varna and the lower (of the two given varms). The 
result arrived at by means of the operation of proportionate distri- 
bution (carried out with the aid of these inversely arranged 
differences),— that (result) gives the required (weights of the 
component quantities of) gold. 


M2 
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The rule for arrmng at fhe^ (weights of) inanj (component 
quantities of) gold (of known mrnm in a mixture of known mrn^ 
and: weight)':— . 

( : 185. (In relation to the known component excepting 

one of them, optionallj chosen weights iiia.y be adopted. Then 
what, remains should be worked out as in relation to tli.e pre^viously 
.giYen cases' by m'eans of. the;.rule bearing upon' the (determination..' 
of an) unknowm \Yeiglit of gold. 

An e.vample in illimimtion thereof. 

186. The (giTen) varnas (of the eoinponeut quantities of gold) 
'■are(^5, '' 6 j 75.83 II 5 ami 1.3 (respectiTely) ; and the resulting mf»'. 
is in fact 9 ; and if (the total) w^eight (of all the component 
quantities) of gold be 60, what may be the several measures (in 
weight of the various coinponetit quantities) of gold ? 

The rule for arriving at the unknown varnas of twm (known 
quantities of gold when the resulting varm of the mixture is 
known) : — 

187. Divide one (separately) hy the two (given weights of) 
gold ; multiply (separately each of the quotients thus obtained) by 
{the weight of) the (corresponding quantity of) gold and (also) by 
the (resulting) var7ia ; write down (both the products so obtained) 
in two (different) places ; (each of these in each of the two sets,) 
if diminished and increased alternately by one as divided by (the 


185. The rnle referred to kere is found in atanssa ISO above. 

187. Tke mle will become clear by til© following working of the problem in 
stanza 188 

1 1 

.-j- 5* 16 X 11 anti X 10 X 11 are ■written down in two places 

Id rU 

1 . 1 ' ' 

Then and — are added and ©nbtraoted alternately in each of the 
setethui: ^ 

and J . Tlioie give the two sets of answ«i. 

Ul + 10 


11 


11 - 
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known weight of) the corresponding (variety of) gold 
as a matter of course, to the required mrnas. 


An example in illustration thereof. 

188. If, the (component) varnas not being knowm, the resulting 
varna obtained by means of Wo (different kinds of) gold weighing 
16 and 10 (respectively) happens to be 11, what would be the 
(respective) varnas of those two (different kinds of) gold ? 

Again, the rule for arriving at the unknown varnas of two 
(known quantities of gold, when the resulting varm of the mixture 
is known) " , , . - 

189. Choose an optional vania in relation to one (of the two 
given quantities of gold) ; wdiat remains (to be found out) may then 
be arrived at as before. In relation to (the known quantities of 
all) the numeroiLS varieties of gold excepting one, tlie varnas are 
optional ; then (proceed) as before. 


An example in illustration thereof. 

190. On fusing together (two different kinds of) gold which 
are 12 and 14 (respectively in w’’eight), the resulting varna is 
made out to be 10. Think out and say (what) the varnas of those 
two (kinds of gold are). 


An example to illustrate the latter half of the rule, 

191. On fusing together 7, 9, 3, and 10 (in weight respectively 
of four different kinds) of gold, the resulting mixture turns out to 
he (gold of) 12 varnas. Give out tte varnas (of the various 
component kinds of gold) separately. 

The rule regarding how to arrive at (an estimate of the value 
of) the test sticks (of gold) : — 

192, The varna of every stick is to be separately divided by 
the (given) maximum varna^ and (the quotients obtained) are 
(all) to be fidcled together. The resulting sum gives (the measure 
of) the required, quant% of (pure) gold. From the summed up 
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(weigM of all the) sticks, this is to he subtracted. What remains is 
(the quantity of) the prapuran^ (that is, the quantity of the baser 
metal mixed). 

An example in illustt'ation thereof. 

193— 196|. (Three) merchants, well acquainted with the ®a)w 
of gold, were desirous: of inahing test sticks of gold, anil produced 
(such) golden sticks. The gold of the first (merchant) was of 12 
var-nm ; (that of the second was of) 14 varnas ; and that of the 
third was of 16 wrms. The (various specimens of the test 
sticks of) gold in the ease of the first (merchant) were (regularly) 
less by 1 (in mnyi ) ; those of the second were less by and mi 
those of the third were (in regrdar order) less hy i- (The speci- 
mens of test gold) possessed by the first (merchant) began with 
that of (his) ma,ximum narna and ended with that of 1 mrm -, 
tsimilarlv, those of the second began with that of his maximum 
mrna and) ended with that of 2 varnas and those of the third 
merchant (began with that of his maximum varna and) ended 
with that of S vanms. Every test stick is I mam in weight. 0 
mathematician, if you indeed know gold calculation, tell me 
Q-n.^ annn what the mcasure of pure gold here is, and 
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gold obtained in exchange as multiplied hy the second of the 
specified varncu of the exchanged gold — those two differences) have 
to be written down. If then, they are altered in position and 
divided by the diffiorence between the (two specified) vcmias (of 
the two varieties) of the exchanged gold, the result haj)pens to be 
the (two required) quantities (of the two kinds) of gold (obtained 
in exchange). 

ecctnnple in illustration thereof, 

198 f. Seven hinidred in weight of gold characterised by 16 
vcmuis produces, on being exchanged, 1,008 (in weight) of two 
kinds of gold characterised (respectively) by 12 and 10 mrnas. 
Now, what is the weight (of each of those two varieties) of gold? 

The rule for finding oat the (various weights of) gold obtained 
as the result of many (specified) kinds of exchange : — 

199 If the (given) w'eight of gold (to be exchanged] as 
multiplied by the mrna (thereof) is divided by (the quantity of) 
the desired gold (obtained in exchange), there arises the uniform 
average varna. On carryingout (farther) operations as mentioned 
before, the result arrived at gives the required weights of the 
various kinds of gold obtained in exchange. 

An example In illustration thereof. 

200|— 201. In the case of a man exchanging 300 in weight of 
gold characterised by 14 varms,^ the gold (obtained in exchange) 
is seen to be altogether 500 in weight, (the various parts whereof 
are respectively) characterised by 12, iO, 8 and 7 varnas. What 
is the weight of gold separately corresponding to each of these 
(different) mrnas ? 

The rule for arriving at (the various weights of) gold obtained 
in exchange which are characterised by knowm varnas and are 
(definite) multiples in proportion : — 

202-203. The sum of the (given) proportional multiple num- 
bers is to be divided by the sum of the products (obtained) by 


199|, The operation which is stated here as having been mentioned before 
is what is given in stanza 1S3 above. 
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multiplying the (gB^en proportional qnaiitiiie.s of the raiioos kiacts 
of the ' exchan^ gold by ■(their .respective speeiliecl) varnm. ■ 
,(Tlie resulting* ciuotient)- is to be multiplied b}^' the original 
(of the gold to be exchanged). If by this prodnc-t.-as dioikished: .■: 
by the increase (in the weight of gold do.e to exchange) is 
.divided ,3 and the quotient -(so obtained) is subtracted from the ori- 
ginal .wealth of gold, the reinainmg ('weight; of iiriexehangedygokl 
is arrived at. This . (w’-eight of the uiiexchaiigecl gOid')ds thc^n-to ■■' 
be sabtracted from the. sum (of the vveight). ofh the Oiigiiial '/'gold' 
and the increase (in ^¥eight due to exchange), ‘ih,en .if the result- ■■.:, 
ing remaiiider (here) is -divided by the sum of the proportional .; 
n.i;altiple iminbers' ' connected with the exchange, and is . then 
niultiiplied b j. .(each ..of those) proportioned niiiiibers (separately.) ' 
.'the (various 'weights, of), gold obtained in exchange .and, charac-:.. ' 
terisod by the specified V'vrms and the specified proportions are 
arrived at. ^ 

204— -205. There is a certain ■iB.erohant desirous. of ubtainkg) 
profit ; and the gold (in his possession) is of 16 varnm and 200 in 
weight. A portion of it is exchanged in return for (four different 
kinds of) gold characterised respectively by 12, 8, 9 and 10 varms, 
(so that those varieties of gold are by weight) in proportions which 
begin with 1 and are then (regularly ) multiplied by 2. The gain 
(in the weight of gold resulting out of this exchange tranBactioii) 
is 102. What is the remaining (weight of the uiiexehanged) 
gold ? Tell me also the weights of gold obtained in exchange 
corresponding to those (above-mentioned v-arnm). 

. The rule for arriving at (the weight of) the original (quantity 
of) gold with the aid of the gold exchanged (in part), ami with the 
aid (of the weight) of gold seen to be in excess (in consequence 
of the exchange) : — 

206. Each specified pari of (the original) gold (to be ex- 
changed) is divided by the mrna corresponding to its exchange. 
(The resulting each case, to be) multiplied by the 
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optionally eHosen varm (of the originally giTen gold ; and then 
all those products are to be added). . From this ' snm, the sum of 
the (various) fractional (exchanged) parts (of the' original gold) 
is to be subtracted. (If now) . the observed excess (in -the weight of 
gold due to the exchange) is divided by this, resulting- remainder, 
what comes out here happens to he, the - original , wealth of gold. 

An example in illustration thereof, 

207-208. A certain small ball of gold of 16 mrnas belonging 
to a merchant is talven ; and I, J and ^ parts thereof are in order 
exchanged for (different kinds of) gold characterised (respectively) 
l>y 12j 10 and 9 mrnas, (The weights of these exchanged varie- 
ties of gold are) added to what remains (unexchanged) of the 
original gold. Then 1,000 is observed to be in excess on removing 
from the account the weight of the original gold. What then is 
(the weight of this) original gold ? 

The rule for arriving at the desired varna with the help of the 
(mutual) gift of a desired fractional part of the gold (owned by the 
other), and also for arriving at the (weights of) gold (respectively) 
correBponding to those optionally gifted parts ; — 

209 to 212. One divided by (the numerical measure of each of 
two specifleally gifted) iparts is to he noted down in reverse order; 
and (if eaclx of the quotients so obtained is) multiplied by an 


209 — 212. The rule will be clear fi'om the following’ working of the problem 
in 213 -215 

Dividing’ 1 hv and §, we get respectively 2, 3 ; altering tlicnr position and 
in altipl jing them by any optionally chosen mimbei*, say 1, we get 3, 3. 
These two numbers represent tlie quantities of gold owned respectively by the 
two merchants. 

Choosing 9 as the ^a.rna of the gold owned by the first merchantj we can 
easily arrive, from the exchange proposed by hiin, at 13 as the of the gold 
owned by the second merchant. These 'yarwas, 9 and 13, give, in the exchange 
proposed l)y the second merchant, the average varnu of while the average 
varm as given in the sum has to be 12 or 

Therefoi"© the varnas 9 and 13 have to be altered. If 8 is chosen instead of 
9, 13 hns to bo increased to 16 in the first exchange. ) tjsing these two 
8 and 16, in the second exchange, wo obtain ^3^ as tke average mrm, imtmd of 
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Thus, in the second exchange, u'o see an increase of 40 -SS or 5 in the sum 
of tho products of weight and varna^ while the decrea.se and the increase in 
relation to the originally chosen are 0~vS or 1 and 16—13 or 3. 

But the required increase in tlie sum of the products of weijibt and vart^a 
I’D. the second exchange is 36 — 35. or 1, Applying the Kiile of Three, we get the 
corresponding decrease and increase in the varnas to be | and |, 
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optionally eliosen quaatityj (it) gives, rise to (the weights of .each 
of the' two small) balls of- gold. .The -yar® (of each), of' these: 
Xlittle balls .of gold) .as also, that of the ■ gold g.iftecl .by the ..other, 
.person, (in the transaction) has to be arrived at. as before, .with-. the 
"aid of the (given) final average varm (in each ease). If in this 
manner both sets of answers (arrived at) happen to tally (witlrthe 
requirements of the problem).- the two arrived "at in. 

accordance w.ith the previously adopted' option become the verified. 
varnas mentioned in relatio.n to the two (given) little balls of gold. 
Ifj (however/ these answers do) not (tally), mrnas belonging 
to the first set (of answers) have to be made (as the ease roay he) 
a little less or a little more; (then the average mirm eorrespondmg 
to these modified component mrms has to be further obtained). 
Thereafter, the difference between this (average) ra/vso’. and the 
previously obtained (imtallying average) varmm written down; 
(and the required proportionate quantities) are (therefrom) derived 
by means of the operation of the Enle of Three : and the mrmB 
(arrived at according to the option chosen before, when respect- 
ively) diminlBhed by one of these two qiiaiitities and increased 
by the other, turn out to be evidently the required mmas (here). 

An emmple in illuMmtion thereof . 

213 — 215. Two merchants well versed in estimating the 
value of gold asked each other (for an exchange of gold). Then 
the first (of them) said to the other — If yon give me half (of your 
gold), I shall combine that small pellet of gold with niy own gold 
and make (the whole heeome gold of } 10 varnas . Then this other 
said-^“ If I only obtain your gold by one-third (thereof ), 
I shall likewise make the whole (gold in my possession become 
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gold of) 12 varms 'frith, tte aid of the two pellets.” 0 yoa, who 
know the secret of ealoalation, if you possess cleverness in relation 
to caloulations bearing upon gold, tell me quickly, after thinking 
out well, tlio measures of the quantities of gold possessed by both 
of them, and also of the varnas (of those quantities of gold). 

Thus ends Summia-'kutU'kdra ixi the chapter on mixed problems 


21G. The rationdle of this rule will be clear from the following algebraical 
representation of the problem given in stanza 217 below : 

Let a bo the total n amber (.^f persons of whom h are Hketl. rhe number of 
utterances is a, and each statement refers to a persons. Hence the total number 
of &t:-!temeiits is a x a or a". 

ISToWj of these a persons, h are liked, and a — b are not liked. VVlion each 
of the b numlier of persons is told — “ You alone are liked,’* the number of 
untruthful statements in each case is 6 — 1. Therefoi'c, the total number 
of untruthful .statements in 6 statements is Z? (6— 1) 

When, again, t!ie same statement is made to each of the a — h persons, the 
n amber of untnithfnl .statements in each eas^e is b ^ 1. Therefore, the total 
number of untrathfiil .statements in a-- h utterances is (a — 6) (Zi 4- 1 ) . . H. 

Adding I and 11, we get b (o — 1) 4* (a— b) (h •h I) « (Zi 4- 1) --2h, 
This represents the total of untruthful statements j and on suHtrauOirgl^^ frdST 
whiedq is the measure of all the statements, tmthfal and untruthful, we 
arrive obviouslj at the measure of the truthful statements. , . 
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An example in illimf ration thereof, 

217v' l%ere are'fiverlastlYil men. Among' tlieiii throe are in'' 

I fact liked hj a' pnblie woman.. She says (separately) to .each; : 
I (of tl'iem) '• I like yon (alone)^h ■■ How many ,(of .her statemeiitss : 
J explicit as well as implicit) are true ones ? 

; Ali 0 rule regarding- ■ the (possible) varieties of comliiiiadioiis; 
(among given things) 

218. Beginning with one and increasing by one, let the 
numbers going np to the given uiunber of things bo written down 
in regular order and in the inverse order (respectively) in an 
upper and a lower (horizontal) row. (If) the product (of one, 
two, three, or more of the numbers in the upper row) taken 
from right to left (be) divided by the (oorrespondiiig) jnoduct 
(of one, two, throe, or more of the numbers in the lower row) 
also taken from right to left, (the quantity required in each such 
case of combination) is (obtained as) the result. 

Examples in illustraiion thereof. 

219. Tell ,ine) nowq 0 mathematician, the eombiuaiion 
varieties as also the combinatioif "quantities of the tastes, viz., the 
a, stringent, the hitter, the sour, the pungent, and the saline, 
together with the sweet taste (as the sixth). 

229. (3 friend, you (tell rne quickly how many varieties 
there iiiay be, owing to variation in combination, (A a (single 
string) n oek lace made np of diamonds; sapphhos, emeralds, corals, 
and pearls. 

221 . 0 (my) friend, w^ho know the principles of ealcnlation, tel! 
(me) how many varieties there may be, owing to variation in 
combination, of a garland made np of the (following) flowers — 
hetald, aioka^ canipaka, and mloipala. 

218. This rule relat.es to a problem in combinaiion. The forsuiila given 
here is ! ! ! : bbVTAjLy • and tin's is {-.bviousiT equal 
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The nile to arrive at (the unknown) capital with the aid of 
certain known and unknown profits (in a given transaction) : — 

222. By means of tlio operation of proportionate distribution, 
the (unknown) profits are to be determined from the mixed sum 
lof all the profits) minus the (known) profit. Then the capital of 
tie person whose investment is unknown results from dividing 
his [profit by that {'same common factor which has been used in 
the process of pioportioiiato distribution above). 

An exawqAe in illustraiion thereof. 

228-225. According to agreement some three merchants 
carried out (the operai.ioii of) buying and selling. The capital of 
the first (of them) cvmsisted of six furdnas^ that of the second 
of eight purdnas^ 1)ut that of the third w-as not known. The profit 
obtained b}’ all those (three) men was 96 purdnas. In fact the 
profit obtaiiicd by him (tliis third person) on the unknown capital 
happened to be 40 purdnas. What is the amount thrown by him 
(into the tratisactiou), and what is the profit (of each) of the other 
two mercliants ? 0 friend, if you know the operation of pro- 

portionate distribution, tell (me this) after making the (necessary) 
ealeuiation. 

The rule for arriving at the wages (due in kind for having 
carried certain given things over a part of the stipulated, distance 
according to a given rate) : — 

226. From the square of the product (of the numerical valne) 
of the weight to be carried and iiaif of the (stipulated distance 

226. Algebraically, tbe fornmla given in the rule is : 

— - // alo 'A 

T where a? == wages to be fcnind out, 

- -- ~ - -p , 

a = the total weight to be camadj H = the total distance, d the distance gone 
over, and h = the total ^vnges promised. It may he noted here that the rate of 
the wages £or the two stages of the journey is the same, although thf^ amount 
paid for each stage of the journey is not in accordance with the promised 
rate for the whole journey. 

The formula- is easily dei’ived from the foilowing equation containing the 
data in the problem : — 

.r f/ — 07 
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mcias'ured ill) yojana, subtract tlie, (continiied) iirodiiot of (the 
niiinerical value of) the . weight to be oaiTied, (that} of the stipu- 
lated) wages, the distance already gone over, and the distance': 
still to 1)0 gone over. , Then, if the fraction half) of the 

weight to be carried over, as multiplied by the (whole of the 
stipulated) distance, and then as diminished by the square root ol'^ 
■this (difference above mentiDn.ed), be divided by the clistance' still: 
to bo gone over, the required answer is arrived at. . 

An exam2^le in illusirMon thereof , 

' '227. Here is a man who is to receive, by carrying b2 jack- 
fruits over 1 ydytma, 7| of them as wages. He breaks down at 
half the distance. What . (amount within the stipulated wages) 
is (then) due to him ? 

The rule for arriving at the distances in ydjcmcm (to be 
travelled over) by the second or the third weight-carrier (after the 
first or the second of them breaks down) : — 

228. From the product of the (whole) weight to he carried as 
multiplied by the (value of the stipulated) wages, subtract the 
square of the wages given to the first carrier. This (difference has 
to he used as the) divisor in relation to the (continued) product of the 
difference between the (stipulated) wages (and the wages already 
given away), the (whole) weight to be carried, and the (whole) 
distance (over which the weight has to be carried. The resulting 
quotient gives rise to) the distance to be travelled over by the 
second (person). 

An example in ilkintration thereof. 

229. A man by carrying 24 jack-fruits over (a distance of) 
five yojanas has to obtain 9 (of them) as wages therefor. Wunn 
6 of these have been given away as wages (to the first carrier), 
what is the distance the second carrier has to travel over (to 
obtain the remainder of the stipulated wages) ? 

228. Al§* 0 braioally 2? — d = whiok can be easily fooud out from 

a 6 — 

the equsbtion in the last note. 



233—235. In the ])roblem given in 236—237, let aJ, y,. is represent the moneys 
on hand with the three merchants, and u the money in the purse. 

Ihen n + ss — a (</ + ss) -j ^ rex^resent the multiples 

5 (s 4* a?) h in the problem. 

u-hz=e (os + y)j 
Fow "I- a? + '// "f » = (a -h 3) 0/ -f «) 

= (5 -p 1) ( 2 : 4* a?) • ' ' 

=s: («4* 1) ' 'V \ ^ 


The rule for arriying at (the value of) the wages corresponding 
to the various stages (over which varying numbers of persons 
carry a given weight) , 

230. The distances (travelled over by the various numbers 
of men) are (respectively) to be divided hy the numbers of the 
men that are (doing the work of carrying) there. The quotients 
(so obtained) have to be combined so that the first (of them is 
taken at first separately and then) has (1, 2, and 3, etc., of) the 
following (quotients) added to it. (These quantities so resulting 
are to be respectively) multiplied by the numbers of the men that 
turn away (from the journey at the various stages. Then) by 
adopting (in relation to these resulting products) the process of 
proportionate distribution (praksepaka)^ the wages (due to the men 
leaving at the different stages) may be found out. 

An example in illmtration thereof. 

231-232. Ibventy men have to cany a palanquin over (a 
distance of) 2 yojanas^ and 720 dlmras form their wages. 'I'wo 
men stop away after going over two kroms ; after going over two 
(more) kroms ^ three others (stop away) ; after going over half of 
the remaining distance, five men stop away. What wages do they 
(the various bearers) obtain ? . 

The rule for arriving at (the value of the money contents of) 
a purse which (when added to what is on hand with each of 
certain persons) becomes a specified multiple (of the sum of what 
is on hand with the others) : — 

233-235. The quantities obtained by adding one to (each of 
the specified) multiple nuiiibers (in the problem, and then) 
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miltipljiBg these 'sums::. .each: other, giving up ; iu': each. ''ease:' 

..tbe sum . relating tojhe particular specified inultiple,. are'' to:^h^ 
I'educed to their lowest terms hj the 'removal of common., ...factors,:^ 
(These reduced quantities are the,ii). to he added.,. (Thereafter):, 
he square root (of this resulting sum) is to be ohtaineci from which 
'oi?i6.is, (to' be subsequently) subtracted. ■ Then' the, reduced quantities,.,, 
referred to above are to be multiplied by (this) square root as 
diminished by one. Then these are to be sepai-ately subtracted 
from the sum of those same reduced quantities. Thus the moneys 
on hand with each (of the several persons) are arrived at. These 
(quantities measuring the moneys on hand) have to be added to 
one another, excluding from tho addition in each ease the value of 
the money on the hand of one of the persons ; and the several sums 
so obtained are to be written down separately. These are (then 


where T 


Similarly. 


and X (ie + t,) = (a+l) (b-t-I) . . . III. 

Adding I, II and III, 

+ X 2 {x + v + z) =(i + l) (cl) 

+ (c + a)(a-.-l),-(tt + l)(i+l) 

= S(say) IV 

Sahtraoting separately I, II, HJ, each mnltiplied by 2, from iV, wo haye- 

V = .V — -2 r?! 4. n 4. n 


^ 2(^ + 1) (b + n. 

r.«:y:z: t S-2 (6 + 1) + 1) ; S-2 (c-f- 1) (a4-l) : 5-2 (a+1) (6 + 1). 

By removing the common factors, if any, in the ri^ht-hand side of the pro- 
portion, we get at the smallest integral values of ®, y, z. 

This proportion is given in the rule as the forimila. 

It may be noted that the square root mentioned in the rule has reference 
only 10 the problem given in the stanzas 236 -237. Correctly speaking, instead 
of square root’^ we must have ^3 

It can be seen easily that this problem is possible only when the sum of 
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to be respectirely) multiplied by (the specified) multiple quantities 
(nientioned above) ; from the several products so obtained the 
(already found out) values of the moneys on hand are (to he 
separately subtracted). Then the (same) value of the money 
in the purse is obtained (separately in relation to each of the 
several moneys on band). 

An example in illustration thereof, 

236-237. 'rhree merchants saw (dropped) on the way a purse 
(^containing money). One (of them) said (to the others), If 1; 
secure this purse, I shall become twice as rich as both of you with f 
your moneys on hand.^’ Then the second (of them) said, I shall 
become three times as rich.” Then the other, (the third), said, 

I shall become five times as rich.^’ What is the value of the i 
money in the purse, as also the money on hand (with each of the ' 
three merchants) ? 

The rule to arrive at the value of the moneys on baud as 
also the money in the purse (when particular specified fractions 
of this latter, added respectively to the moneys on hand with each 
of a given number of persons, make their wealth become in each 
case) the same multiple (of the sum of what is on hand) with all 
(the others) ; — 

238. The sum of (all the specified) fractions (in the problem) 

— the denominator being ignored — is multiplied by the (speci- 
fied common) multiple number. From this product, the products 
obtained by multiplying (each of the above-mentioned) fractional 
parts (as reduced to a common denominator, which is then ignored), 
by the product of the number of cases of persons minus one and 
the specified multiple number, this last product being diminished 


2S8. The formula giTen in the rule is— 

= ?>?. (a + 6 4 c) - (2 to — 1), whore « are the moneys on hand, m 
s=s m 4 6 -f c) - S (2m - 1), f the oonxmon multiple, and a, <r, the 

and 2 = m (a 4 1) 4 c) -- c (2m - 1), J specified fractional parts given. 

These values can be easily found out from the following equations 
Pa 4 ® ^ m (y 4 ®), “ 

P6 4 p = w (ji 4 x), ^ where P is the money in the purse» 

Wd Pc4i8 ™ m (ir4 v) J V, ' • ■' - 
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hj one^ are (severallj)' 'subtracted. The resulting remainders 
constitute the several values of the moiiejs on hand. The value 
.;o'f the : money in the purse' 'is obtained by carrying' out operations 
-as’:,' before .and then by dividing by, an, y partienlar specified 
fractional part (mentioned in the problem)* 

■ ' ' ; .4?^ thereof. . h ' d 

h' ' 239-240. Five ■ merchants saw a purse of money. .. They said';.",, 
one after another that by obtaining and yV (respectively) 
of the contents of the purse, they would each, become with what 
he had on hand three times as wealthy as all the remaining others 
with what they had on hand together. 0 arithmetician, (you tell) 
me quickly what moneys these had on hand (respectively), and 
what the value of the money in the purse was. 

The rule for arriving at the measure of the money contents of 
a purse, when specified fractional parts (thereof added to what 
may be on hand with one among a number of persons) makes him 
a specified number of times (as rich as all the others with what 
they together have on hand) 

241. The specified fractional parts relating to all others (than 
the person in view) are (reduced to a common denominator, which 
is ignored for practical purposes. These are severally ) mtdtiplied 
by the specified multiple number (relating to the person in view). 
To these products, the fractional part (relating to the person) in 
view (and treated like other fractional parts) is added. The result- 
ing sums are (severally) divided each by its (corresponding 
specified) multiple quantity as increased by one. Then these 
quotients are also added. The several sums (so obtained in relation 


241. The formula given in the rule is- 
' a -f mh a ^ me a -f md 

b na h -h %& h ^ nd 


y- 


■2)a 


h 


s — 2)a j- 


(w 4-1) 
■ (» + 1 ) 


m + 1 2 1 r + 1 • * 

and so on ; where a?, . . . are moneys on hand j a, h, c, d, 

fractional parts; m, n, r, . . . various multiple numbers; and s the 

number of persons concerned in the transaction. 
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to the several eases) are diminished by the product of the particular 
specified fractional part as multiplied by the number of eases less 
by two. The difference is divided by the particular specified 
niiiltiple quantity as increased hj one. The result is the money on 
hand (in the: particukr case). ■ 


Examples in iUmiraiion thereof, 

242“243. Two travellers saw a purse eontaining money 
(dropped) on the way. One of them said (to^the other)j By secur- 
ing half of this money (in the purse), I shall become twice as rich 
(as yon).’' The other said^ By securing two- thirds (of the money 
in the purse), I shall ^ with the money T have on hand, have three 
times as much money as what you have on hand.” What are the 
moneys on hand, and what the money in the purse ? 

244-244|-, Two travellers saw on the way a purse containing 
money ; and the first of them took it up and (said, that) that money 
along with the money that he had on hand became twice the 
money of the other (traveller. This) other (said that that money 
in the purse with the aid of what he had on hand would be) three 
times (the money in the hand of the first traveller). What is the 
money on hand (in the case of each of them), and what the money 
in the purse ? 

245i--247. Four men saw on the way a purse containing money. 
The first among them said, If I secure this purse, I shall with 
the money already on hand with me become (possessed of money 
which will be) eight, times (the money on hand with the remaining 
travellers).” Another (said, that the money in the purse with 
what he had on hand) would be nine times the money on hand with 
the rest (among them). Another (said that similarly he) would 
be possessed of ten times the money, and another (that he) would 
be possessed of eleven times the money. Tell me quickly, 0 
mathematician, what the money in the purse was and how much 
the money in the hand of each of them was. 

248. Four men saw on the way a purse containing money. 
(Then), with what each of them had on hand, the I-, I, and J 
parts (respectively) of this (money in the purse) became twice, 


m 
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tlirioe, five times and four times (that moiiej wliicb the others 
:together, had on hand. What -is the nioiiej in the purse, and : what: 
'the.monej'^'on, hand with each, of them ?) 

249^^ Three merchants saw on the way apnrse containin.o'' 
'ni'onej.: .The first' among 'them , sahl. If !■ get | of this ' money 
in: the pinrse, I shall (with what I have on hand) become (possessed' 
of) twice (the money on hand wdth) both of you/' Another said 
that, if he secured j part of the money in the purse, he would 
with the money on hand with him (become possessed of) thrice 
(the money on hand with the. others). The tldrd man said, ^^If 
I obtain of this (money in the purse), I shall become possessed 
of four times the money (on hand with both of yon) A Tell me 
quickly , 0 inathematiciaii, what the money on hand with each of 
them' was, and what was/the money in the purse.; , . ■ 

The rule for arriving at the money on hand, which, with the 
moneys begged (of others), becomes a specified multiple (of the 
money on hand with the others) 

251|~252f . The sums of the moneys begged are multiplied 
each by its own corresponding multiple quantity as increased by 
me. With the aid of these (products) the moneys on hand are 
arrived at according to the rule given in stanza 241. These 
quantities (so obtained) are reduced so as to have a common 
denominator. Then they are (severally) divided by the sum as 
diminished by nnit-y of the specified multiple quantities (respect- 
ively) divided by (those same) multiple quantities as increased by 
one, (The resulting quotients) tliemselves should be understood 
to be the moneys on hand ^with the various persons)* 


251 Algebraically, 

1 (a + 5) 4-1) + m {€ + d>) {n + 1) (a + Iq (m -h 1) + m (/+ g) (p -f 1) 

1 i+i + ^ jiT 

, ..'i eto.~(g— 3) (o + b) (m + 1 ) j (m + 1) ]-;• 

^ . P, I \ 

Similarly for y, etc. Here c, /, are sums of money begged of 
. eacK other. 
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Examples in illmtrcdion thereof. 

253-|'~255|-. Three merchants begged money from the hands 
of each other. The first begged 4 from the second and 5 from 
the third man, and became possessed of twice the money (then on 
hand with both the others). The second (merchant) begged 4 
from the first and 6 from the third, and (thus) got three times the 
money (held on hand at the time by both the others together). 
The third man begged 5 from the first and 6 from the second, and 
(tlms) became 5 times (as rich as the other twm). 0 mathe- 
matician, if YOU know' the mathematical process known as citra- 
hifMkdra-misra, tell me quickly w^hat may be the moneys they 
respectively had on hand. 

256|-258j. There were three very clever persons. They 
begged money of each other. The first of them hegged 1 2 from 
the second and 13 from the third, and became thus 3 times as 
rich as these two were then. The second of them begged 10 from 
the first and 13 from the third, and thus became 5 times as rich 
(as the other tw^o at the time). The third man hegged 12 from 
the second and 1 0 from the first, and became (similarly) 7 times 
as rich. Their intentions w'ere fulfilled. Tell me, 0 friend, after 
calculating, what might be the moneys on hand with them. 

The rule for arriving at equal capital amounts, on the last man 
giving (from his own money) to the penultimate man an amount 
equal to his own, (and again on this man doing the same in relation 
to the man who comes behind him, and so on) : — 

259-I. 0?ie divided by the optionally chosen multiple quantity 
(in respect of the amount of money to be given by the one to the 
other) becomes the multiple in relation to the penultimate 
man’s amount This (multiplier) increased by one becomes the 
multiplier of the amounts (in the hands) of the others. The 


259-|. The rule will be clear froui fche following working of the problem 
given in st. 263| , ' . , - - 

1 "^1 or 2 is the mnltiple with regard to the penultimate amount j 

this 2 combined with 1, i.e., 3 becomes the multiple in relation to the amounts 
of the others, ' 
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at) is to have one added to 

it; /TMsds, tie process to be 'adopted. 

Examfles- in illustration 

26 U-|-'-' 261 -|-., Three sons of a m-ereiaat, the eldest, the miclcllej 
: and ^:the' youngest, were going out along -a road. The eldest son 
give out of ; his capital amount to tlie mkirllesoii ^xaetly os^mu^ 
as the "Capital amount of. (that same) .middle; son. , This. middle soH;:,; 
„gave.(out .'of his ainoiint) to the last son just as inuoli as he had, 

'. .(.In the end), tiey .all became posges.sed of equal amounts of money, 
0 mathematician.^ think out .and say what amounts, they (respect^^;'. 
ively) had (with them) on hand (to start with). 

; . : 26.2|.: There were live .sons of a merchant. ' From the eldest.. (of 
them) the one next to him obtained as much money as he himself 
had on .hand,...,:. All .others also;.did.aecordmgly. (each one giving to 
the brother next to him as much as he had on hand. In the end) 
the}' all became possessed of equal amounts of money. What 
ivere the amounts of money they (respectively i had on hand (to 
start with) F 


263j. Five merchants became possessed of equal amounts of 
money after each of them gave out of his own projjerty to the one 
who went before him half of what he possessed. Think out and 



Ufow Ij 1. 

Hnltiplyrng the penultimate 1 by 2 and tbe 


other by 3, we get ..... ' ... 2, '3. 

Adding 1 to the last 2,4.. 

Write dow^n ... 2, 4-, 4. 

Multiply the penultimate 4 by 2, and the 

obher.^ by 3, and add I to the las& 0, 8, 13. 

Again 6,8,13,13. 

Eepeating the same operations as above we 

'.''..vAv. '':i8,v24y. 20, 

The figures in the last row represent the amounts in the hands of the 5 
merchants. 

Algebraically — 

= I /; where,- a, b, a, the'^mounis on hand with the 5 merchants. 



CHAPXER TI— MIXBB PROBLEMS, 


say wliat amoiiiits of money they (respectiyely) had on hand (to 
•start, with). , 

264 i. There were six mereliaats. The elder ones among them 
gare in ordei\, out of what they rcspectiFely had on hand^ to those 
who were next younger to them exactly two-thirds (of what they 
respectively had on haud\ Afterwards, they all heeame possessed 
of equal aiiiorints of iiioiiey. What were the amonnts of money 
they (severally" had on hand (to start with) ? 


The rule for arriving at equal amounts of money on hand, 
after a number of persons give each to the others among them 
as mneh as they (respectiYely) have (then) on hand : — • 

265|. One is divided f>y the optionally chosen multiple quantity 
(in the problem). (To this), the number corresponding to the men 
(taking part in the transaetion) is added. The first (man^s) amount 
(on hand to start with is thus arrived at). This (and the^ results 
thereafter arrived at) are written down (in order), and each of them 
is multiplied by the optional multiple number as increased by one ; 
and the result is then diminished by one. (Thus the money on 
hand wdth each; of the others (to start with is arrived at). 

Umample^ in illmtmtion thereof. 

266^-. Each of three merchants gave to the others what each of 
these hud on hand (at the time). Then they all becam.e possessed 
of equal amounts of money. What are the amounts of money 
which they (respectively) had on hand (to start with) ? 


265|. I ke rule will be clea,r tvom the following working of the problem 

given in st, 206|' 

1, divklecl the optionally clsosen multiple 1, and increased by the number 
of perBous, 2, gives 4 j this is the money in the hand of the first man. 

Tliis 4, multiplied by the optionally chosen multiple, 1, as increased by 
1, becomes 8 j when 1 is subtracted from this, we get 7, which is the money on 
hand with the second person. ' 

This 7s again, treated as above, Le., multiplied by 2: and then diminished 
by 1, gives 13, the mon^'y on hand with the third man. 

This solution can be easily arrived at from' the following equations s— 

4 (a 2 f 26 (a — 6 — u) 45' — 2 (a I c) , , 
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267 1 . There' irere'; four Each of them obtained 

■ from the. others half of what lie had on iiaiid (at the time of the 
^respective transfers ^0 money).' Then they all became possessed 
oiteqiial amuniits' o£ ■ money . What is the ■ measure . of the . 

. (they irespeotiveij hadj.on hand (to'start 

The, rule for araviBg. at the :gain ■ derived (equally) from 
. suecesB,, and failure' (in 'a^gambliog opei-atioii)::— ■ : 

. S 68 |- 269 |. The two ■sums, of the-iiuinerators a/'ucl'druio'minators'' 
/(of the (two fraction.al- multiple) quantities (given in ■ the problem),/: 
"'have, to be, written down one .below the other in the regular orders:; 
"and , .(then) , in the inverse order. ■The"(sii!:iiiiie.d up).' qiianfr^^^ 

• ;(in the'.'iirst of '/these sets of two,, .sums) are to be multiplied according 
' .to,^e. prcee.ss..bj the' de'iioin,.iiiator 5 and (those in 

' ,:tho'r second; set) by the ■ numerator, (of the fractional quantity) 
,':eGrr€spoB.diixg to the. other ... (sommecl up ,qiia.ii.t;ity)*. , Therresults'ri^'; 

to ■■the first set) a.re written .down in the 
: 'form of deiioEiinators,-.: and' {those arrived at, in relation to the 
( second set " .are written- 'down) -in the .-form of imixierators (md' the ::''^ 
difference betw* een the denominator and numerator in each set is 
moled' dowm). ' Then-'.bj^ means- of t!ies ..0 differenees the prodiiets:.,, 
obtained by multiplying ( the sum of * the numerator and the 
denominator (of each of the given multiple fractions in the 
problem) with the denominator of the other are (respectively) 
divided. These resulting quantities, multiplied by the value of 
the desired gain, give in the inverse order the measure of the 
moneys on hand (with the gamblers to stake). 

An example in illmiration thereof. 

270 -“ 272 |~. A great man possessing powders of magical charm 
and medieinc saw a cock-fight going on, and spoke separately in 


26S|~2G9 1. A Igebraically , 

(£j + 4) ^ — (a 4* 6) c 


X f»nd y ; 


(a “f V) d 


[a + fe) d — (v 4- d) tt 


X ;p, wliore 


it aad y are tlie moneys oja ba-ml.wifeli tb© gamblers, and , A j tGie fraeMoiial parts 
' ■ ■ b d - 


fsaben from tbem, tlxe gain, This follows from « — A ^ ssa ^ -il 
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eoiifidciitial laijguage to both the ovTiers of tlie cocks. He said to 
one: If jotir bird wins, then you give the stake-money to me. 

If, however, you prove unviotorious, I shall give you two-thirds 
of that stake-money then/’ ■ He went to (the owner of) the other 
(cook) and promised to give three-fourths (of his stake-nioney on 
similax conditions). From both of them the gain to him could he 
only 12 (gold-pieces in each case).. You tell me, 0 ornament on 
the forehead of mathematieians, the (values of the) stake-inoney 
which (each of) the ooek-owners had on hand. 

The rule for separating the (unknown) dividend number, the 
quotient, and the divisor from their combined sum : — 

273|.' Any (suitable optionally chosen) number (which has to 
be) subtracted from the (given) combined sum happens to be the 
divisor (in ciiiestion). On dividing, by this (divisor) as increased^ 
by one^ the remainder (left after subtracting the optionally chosen 
number from the given eombined sum), the (required) quotient is 
arrived at. The very same remainder (above mentioned), as dimi- 
nished by (this) quotient becomes the (recjuired dividend) number. 

An exanifle in illustration thereof, 

274|. A certain unknown quantity is divided by a certain 
(other) unknown quantity. The quotient here as combined with 
the divisor and the dividend number is 53. What is that divisor, 
and what (that) quotient P 

The rule for aniving at that number, which becomes a square 
either on adding a known number (to the original number), or 
on subtracting (another) given number (from that same original 
number) : — 

275|. The sum of the quantity to be added and the quantity 
to he subtracted is multiplied by one as associated with whatever 
may happen to be the excess above the, even number (nearest to 
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ttat siiiB.)y The: resiiltmg-.'prorltiot is (then) helved and (then) 
"sc|nared( , .(Prorii; this squared quantitj);.: the' (above-ref ' 
possible) , excess .quantity is snhtraet ed . The.' -result is divided hy , 

Then ihe resulting qiiantitj 
is:- either added to or siihtraeted from (respectively) hy the half of 
the .dife giTeii qaantities as diminished or 

increased hy ' the odd-maMng excess, f'aboYe referred to) 

according as the original given quantity to be subtracted is 
greater or less tha ii the original given quantity to be n deled . The 
result aiTived, at in this.- maimer happens- to be tiie (recpiired) 
mimhers which (when associated as desired with the (given) 
quantities) surely yields the square root (exactly). 

Eco((mples in illmindmn ihereqf. 

" 276|-, A. certain n.iimber when increased l)y 10 or decreased by 
17 yields an exact square root. If possible^ 0 arithnieticiaiij tell 
me quickly that niiiiiber. 

277'|-- A certain quantity either as diminished by 7, or as 
added to by 18. yields the square root exactly. 0 arithmeticianj 
give it out after calculation. 

278|-. A certain quantity diminished by I, or again that same 
(quantity) increased by yields the square root (exactly). Tell 
me that quantity quickly, 0 aritlmietieian, after thinking out 
what it may be. 

The ratia??a-Z5 of bids may be made out tlius : — 

(vz + 1)- = 2 + 1, an odd number ^ and (« -f 2)" — == 4 n + 4, 

an even number j where n is any integer, 

From 2 -h i, and 4 w + the rule shows how we may arrive at -n^ -f a 
when 'we know 

2 n + 1, or 4 w Hr 4j to be equal to a H- 5. 

278-|, Since the quantities represented by b and a in the note on stanza 275i- 
are seen to be fractional in this problem, being actually § and f, it is necessary 
to have these fj’aetional quantities removed from the process of working out the 
■ problem in accordance with the given rule. For this purpose tli^y are first 
reduced to the same denominator, and come to be represented by If- and 2 ^r 
■ respectively ; then these quantities are multiplied b}^ (21)^, so as to yield 294 
and 1B9, which are assumed to be the 5 and the a in the ])roblem. The result 
arrired at with these assumed values of b and a. is divided by ^21)®, and the 
quotient is taken to be the answer of the problem. 
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The rale for RTTixmg at the square root of (an iiiakiiowii) 
iiiiiii'ber as increased or diminislied hy a known nnmher 

27i^|. The known quantity wiiicli is giFon is first halved and 
(then) squared md then one is added (to it). The resulting 
quantitv either when, increased l\v the desired given quantity or 
when diminished by the (same) quantity yields the square root 
(exactly). 


An example in illmiraiion thereof, 

280^, Here is a imin'oer which, w’hen increased by 10 or 
diminished by the same 10, yields an exact square root. Think 
out and tell me that nombej*, 0 matliematiciaii. 

The .role for arriving at the two required square quantities, 
with the aid of those required quantities as multiplied by a 
known number, and also with the aid of (the same known 
number as forming the value of) the square root of the difference 
(between these products) : — 

281-1. The given immber is increased by one; and the given 
number is also diminished by one. The resulting quantities 
when halved and then squared give rise to the two (required) 
quantities. Th€.m if these be (separately) maltiplied by the given 
quantity, the squre root of the difference between these (products) 
becomes the given quantity. 


An example in iUustraiion thereof 

2821—283. Two unknown squared quantities are multiplied 
by 71. The square root of the difference between these (two 
res\ilting products) is also 71. 0 matliematioian, if you know 

the process of calculation known as eitra-^huttlhara^ calculate and 
tell me what (those two unknown) quantities are. 


279|. This is merely a xDart=iouIar case of the rule given in stanza 275| 
wherein a is taken to be equal to 1?, 

281^ , Algebraically, when the given number i,» (2, ) (■‘'^) i 

are the required square quantities. . 
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The rale for arriving at tte required increase or decrease in 
relation to a given multiplieand and a given multiplier (so as to 
arrive at a given productj ; 

284. Tire difference between the required product and the 

resulting product (of the given multiplieand and the multiplier) 

is written down in two places. To (one of) the factors (of the 
resulting product) one is added./ and (to the other) the required 
produeris added. That (difference written above in two posi- 
tions as desired) is (severally) divided in the inverse order by 
the sums (resulting thus). Those give rise to the quantities that 
are to be added (respectively to the given multiplicand and the 
multiplier) or (to the quantities that are) to be u-espeotively) 
subtracted (from them). 

Examples in illustration thereof. 

285. The product of 3 and 5 is 15 ; and the required product : ' 
is 18 ‘ and it is also 14. What are the quantities to be added : 
(respectively to the multiplicand and the multiplier) here, or what 

to be subtracted (from them) ? 

The rule for arriving at (the required result by) the process 
of wording backwards 

286. To divide where there has been a multiplication, to 
multiply where there has been a divi.sioii, to subtraet where there 
has been an addition, to get at the square root where there has 
been a squaring, to get at the squaring where the root has been 
given — this is the process of working backwards. 

An example in ilh^sPration thereof . 

287. What is that quantity which when divided by 7, (then) 

, " multiplied by Sj (then) squared, (then) increased by 5, (then) 


284 qaantities lo be added or subt/vaoted are-*- 


d ah 
d + b 


and 


d ab 


'H*or (a 4^ .■^,,,.21^ \ /q where a and are tb© given factors y 

\ d + 6/ \ OrHhl/ 


and d tke required multipiei 
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divided by (tben) halved^ and then reduced to its square root, 
bappeiis to be tlie number 5 P 

Tbe rule for arriving at (the number of arrows in a bundle 
with the aid of the even number of) arrows eonstituting the 
oominoii ciroumferentia] layer (of the bundle) : — 

288* A.d.d^fk}‘ee to the number of arrows forming the circum- 
ferential layer ; then square this (resulting sum) and add again 
tliree (to this square quantity). If this be further divided by 
12, the quotient becomes the number of arrows to be found in the 
bondle. ' ■ ■ 


An example in illmtmtion thereof. 

289. The eireumferential arrows are 18 in number. How 
many (in all) are the arrows to be found (in the bundle) within 
tho quiver? 0 mathematician, give this out if you have taken 
pains in relation to tho j>roeess of calculation known as mcitra-> 
hiitflikara. 


Thus ends mGitra-ImftUalra in the chapter on mixed problems, 


288. The formula here given to find out the total number of arrows is 
Tvhere u is the number of circnniferential arrows. This formula can 

be orrived a,t from the following* considerations. It can be proved geometrically 
that only six circles can be described round another circle, all of them being 
equal and each of them toucbino* its two neighbouring circles as well 
a,s the central circle 5 that, round these circles again, only twelve circles of the 
same dimension can be described similarly 5 and that round these again, only 
18 such circles are possible, and so on. Thus, the first round has f> circles, the 
second 12, the third 18, and so on. 80 that tho number of circles in any 
round, say p, is equal to 0 3?. 

IVow, the total number of circlen in the given number of rounds p, calculated 
from the ceiiiral circle, is 1 + 1 x 6 2 x 6 + 3 x 6 -f . . . -f p x 6 = 1 

ft /I a. 9 -J. 4 . t 4. U ^ 1 4-54 /nt<yj4-lL ff thft 


value of 6p is given, say, as w, the total number of circles is 1 3 x 

which is easily reducible to the formula given at the beginning of this note. 


168 qasitasaeasanseaha. 

Summation of Series. 

Hereafter we shall expomd in (this) chapter on mixed prohlema 
the summation of quantities in progressive series. 

The mle for arriving at the sum of a series in arithmetical 
progression, of which the common difference is either positive or 

.n.egati’^^e 

290/,TIie first ' term is either decreased or iiiereascd fay the 
product of the negatiTe or the positive comiiioii difference aud the 
quantity obtained, fay lialTing the number of terais in tlic series as 
diininislied fay one. (Then,) this .is (further) multiplied by the 
nunifaer of terms. in the series. . (Thus.) 'the sum of a series of teniis 
in arithnietieal progression .with; positive or negative common 
difference is obtained. 

; Mwaniples m-tihstration thereof,. 

291, The first tmaii .is'M ; th^^^ negative oominon difference is 
3; the number of terms .is .5. ■ ' The first term is 2 ; the positive 
common differeaee is 6 ;■ .and the number of terms is 8. What is 
the sum of the series in (each of) these cases ? 

The rule for amying at the first term and the eommon differ- 
ence in relation to the sum- of a series in ai*itlinietic3al progression ^ 
the common difference whereof is positive oi negative : — 

292. Divide the (given) sum of the series by the number of 
terms (therein), and subtract (from the resulting quotient) the 
product obtained by multiplying the common difference by the 
half of the number of terms in the series as dindiushed by 07ie, 
(Thus) the first term (in the series) is arrived at. The sum of the 
series is divided by the number of terms (therein). The first term 
is subtracted (from the resulting quotient) ; the remainder when 
divided by half of the number of terms iu the series as diminished 
by one becomes the common difference. 

280.. Algebraically, i a ^ ^ =r a, wliore % u tbe niiraber at termi, 

a tbe first term, h tbe common difference, and a tlie snni of the series. 

292. Algel)raioally, ^ b; and h ™ - 




295. The uninber of women in this problem is conceived to be equal to the 

number o! terms in the series, ' , . . 


296. Algebraically, S ^ 

squares of the natural numbers up to 


wbioh is the sum of the 
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Excitnflen in illrntration thereof . 

293. The smii ■ o! tlie' series is 40 ; the number of terms is 5'; 
and the coiiu-rioii tliffereiioe is 3 ; the first term is not known now. 
(Find it out.) Wlieii the first term is 2, find out the common 
difference. 

The rule for-arriving at the sum.; and the number of terms' in 
a series in arithnietieal progression (with the aid of the known 
lahha. which is the same as the quotient obtained by dividing the 
sum by the aiikiiowii number of terms therein) : — 

294. The labhch is diminished by the first term, and (then) 
divided by the half of the common difference ; and on adding one 
to this same (resulting . quantity), the number of .terms in the,- 
series (is obtained). The number of terms in the series multi' 
plied by the Idbha becomes the sum of the series. 

An exam^^k in illmiraiion thereof. 

295. (There were a number of flowers, representable as 

the sum of a series in arithmetical progression, whereof) 2 is the 
first term, and 3 the common difference. A. number of women 
divided (thewse) idpala flowers ( equally among them). Each woman 
had 8 for her share. How many were the women, and Low 
many the flowers P 

The rule for arriving at the sum of the squares (of a given 
number of natural numbers beginniug with one) ; — 

296. The given number is iuereased by one^ and (then) squared ; 
(this squared quantity is) multiplied by two^ and (then) diminisheci 
by the given quantity as increased by one. (The remainder thus 


294. Algebraically, 2 


Z—a 
: ^ 

% 


-p I, where I - 


, which is the Idhm. 
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: arriYedat is) multiplied by- the half of the - gi?eii ..niiiBber., This' 
gives rise to the combiBed' sum 'of the' square (of the given 
aiiiiiber), the cube (of ■ the giveu iinDiber). and tlie siiinof 'the 
..natural numbers (up to the gi^eii iiiimher)v This eoiiibineci sum, 
divided by fhree^ gives rise to the sum of the squares (of the given' 
aiimber of natiiral Boiiihers), ■ 

Excmiples in iMmlratlonM^^ 

297. (Ill a number' of series of natural niiinbers q the iiuniber 
■of natural, numbers is. (in order) 85.I8, 20, (h'.q 81. and 36. Tell, 
me cpiiokly (in each ease) .the 'combined sum of t 'he square (of .the 
given number) j the cuhe- (of the' given 11 umber), and the suni^uf 
the,; given nuinber of aatura'i nuuibers. ('rell me) also the sum. of 
the squares. of the natural numbers (up to 'the given number). 

. The rule for arriiung at 'the sum of the squares of a number of 
terms in arithmetical progression, whereof the first term, 'the. 
eoin.mon difference, and the number of terms are given : — •■*■ ■ 

298. Twice the number of terms is dimiinshed by one, and 
(then) multiplied by the square of the corumon difference, and is 
(then) divided by six, (To this), the product of the first term 
and the eominon difference is added. The resulting sum is multi- 
plied by the number of terms as diminished by one, (To the 
product so arrived at), the square of the first term is added. This 
sum multiplied by the number of terms becomes the sinn of the 
squares of the terms in the given series. 

Again, another rule for arriving at the sum of the squares of 
a number of terms in arithmetical jirogressioii, whereof the first 
term, the common difference, and the number of terms are 
given : — 

299. Twice the number of terms .(in the series) is diminishedhy 
mze, and (then) multiplied by the square of the common difference, 
and (also) by the number of terms as diminished by om. This 

I (-#1 — 1) -h Jw =5=: sum of tbe squares of the terms in 
a series iu arithmetical progressiont 


171 


CHAPTER ¥1— MIXE0' PROBLiMS. 

produot is divided , (To tliis resulting quotient), the square 

of the first term and the (eontiBued product) -of .the; number „of terms, 
as diniinishod the,' first Term, .and. the.eommon difference, 

are added. The whole (of this) multiplied -by .the number of terms, 
becomes the required result. 

Ececm'ples in illustmtion thereof 

300.. (In a series .in "arithmetical progression),, the ■ first term is 
3, the common difference is 5, the number' of terms is .5. Give 
out the sum of the squares, (of the terms) .in the se.ries,, (Similarly, 
in .a'liother series), . 0 . is the first term, '8 the common difference,, 
and 7 the iioiiiber of terms. What is the sum of the squares (of 
.the terms) in this series ? 

The rule for arriving at the sum of the cubes (of a giveis 
nuiiiber of ■ natural numbers) : — . 

301. The quantity represented by the square of half the (given) 
nimiher of terms is umitipiied by the square of the sum of 
and the number of terms. In this (science of) arithmetic, this 
result is said to be the sum of the cubes (of the given number of 
natural numbers) by those who know the secret of calculation. 

Exajnples in illrntraiion thereof. 

302. Give out (in each case) the sum of the ctrbes of (the 
natural numbers up to) 6, 8, 7, 25 and 25i>. 

The rule for arriving at the sum of the cubes (of the terms in 
a scries in arithmetical progression), the first term, the common 
differencG, and the number of terms whereof are optionally 
chosen : — 

30*3. The sum (of the sim-ple terms in the given series), as 
multiplied by the first term (therein), is (further) muitipliedby the 

SOI. Algebraicalljj/—^ (n-f 1 )" ==^^ 3 ) wiiioli is the sum of the cubes of the 
iiataral numbers up to n. 

303. Algebraically, ± sa (a h) + ^ = the sum of the cubes of the terms 

in a series in arithmetical progression, 'where b = the sum of the simpso tornis 
of the sfsries. The sign of the first teriu in the for mule* is -f or — according sup 
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in the 


.■series). (Then) the square of the sum (of the. series) is .irmltiplied 
by 'the .GommoB diiereace. If -the fi-rst tenn is, smaller .than the , 
cO'DiiBon difference, then. (the .first of' the products oletained 'above 
.is) subtracted (froiii the ....second .product). .-11 iioweverj (the first : 
..term is) (greater, (tha.n. the .comm on.. difference),' then (the first:' 
product 'ahove-mentioned . is) ad.ded':(to 'the second., prod.uet)., 

■ '(Thus) the '(.required) Slim of the ■'eiibes is obta.med. . 


'Exam^^hsmiUmiraiumihere^ 

■304. What may be the ■s'liin. of the O'abes .when the, first term ■ 
is 3. the' co.m'oao'a difference "2, and. the .iiiiiiiber of terms a,',; or,; 
..when the. first term is 5 ,. the., cominon,' difference '7, .and the ntiinber. 
..of terms '6 ? 1. ■ 


'■ . The rule, for arriving at the. sum of '(a. niiiiiber of terms .in a" ' 
B'eries whereiii, the terms them.selves are siieeessively) the su.ms'.'0f ■ 
the natural iiiimbers (from 1 up to a specified limit, these limiting '. 
numbers be.iiig the terms in the given series in arithme'tica'T 
progression) : — 

. .30,5-~30,5|.,.. Twice the" number' of terms (in the given series 'in.' :■■ 
arithmetical progression) is diminished by one and (then) mnlti- 
plied by the square of the common difference. This product is 
divided by dx and increased by half or the common difference 
and (also) by the product of The first term and the common 
difference. The sum (so obtained) is mrdtiplied by the niimber of 
terms as diminished by one and then increased by the product 
obtained by multiplying the first term as increased by one by the 
first term itself. The quantity (so resulting) when multiplied by 
half the number of terms (in the given series) gives rise to the 
required sum of the series w^herein the terms themselves are sums 
(of specified series). 


305-S05j?. 


'{2n^l)h^ 


- ^ “f" (zb 1’ (v 2 "”l) 4* <x (w. 4 1) is th© 


of tlie series in arithmetioal progression, wherein each term represents the ' ■. 
ot! a series of nataral numbers. up to a .limiting imm'ber, whioli is itself a 
member in a seines in adnimetical prOgre^^^ 
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Bxamijks in illmtration thereof, 

306|. It is seen that (in a given series) the first term is 6, the 
common difference 5, and the number of terms 18. In relation 
to (these) 18 terms, wliat is tlie sum of the sums of (the various) 
series having 1 for the first term and 1 for the common difference. 

The rale for arriving at the sum of the four quantities (speci- 
fied below and represented bj a certain given number): — 

307|-. The given iiimiber is inereased bj one, and (then) 
halved. This is multiplied bv the given number and (then) bj 
mven, Fiom tbe (resulting) product, riie given number is sub- 
tracted : and the (resulting) remainder is divided by three. 
Ihe quotient (thus obtained], when multiplied by the given number 
as increased by one, gives rise to the (required) sum .of (the four': 
specified quantitieSj namely,) the sum of the natural numbers 
(up to the given number), the sum of the sums of the natural 
numbers (up to the given number), the square (of the given 
number), and the cube (of the given number). 

Excom2^le8 in illmtratioa thereof. 

808i. The given numbers are 7, 8, 9, 10, 16, 50 and 61. 
Taking into consideration the required rules, separately give out 
in the case of each of them the sum of the four (specified) 
quantities. 

The rule for arriving at the collective sum (of the four different 
kinds of series already dealt with) : — 

309|. The number of terms is combined with three ; it is (then) 
multiplied by the fourth part of the number of terms j (then) oiie 


X 1) X 7 

S07|. Alg*ebra.ically, — — ^ x (-rt P 1) is the su:a of tbe 

3 

four quantities specified in -the rule. These are (i) tbe sum of tbe natural 
numbers up to n : (ii) the sum of the sums of tbe various series of natural numbers 
respectively limited by the various natural numbers up to n j (iii) the square of 
% I and (iv) the cube of w. ■ 

309 1. Algebraically, ^(n -f 3) ^4: 1 1 ^ + .«) is the collective sum. of tbe 

sums, namely, of tbe sums of the different series dealt with in, rules 290, 301, 
305 to 305| above, and also of the sum of the series of natural numbers up to n. 
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is., added (tliereiiato).. The (resalfeiiig) quantity when, multiplied';. 
hj the square of the number of terms as increased by the number; 
of terms gives rise to the (required) colleetiTe siiiii. 

ExmniyleB in illiidraUon 

3101 . What ivoiildbe the (required) eolieotive sum in relafeioa ' 
to' the (various) series represeiited;by (each of) 49, 66, 13^ 14, 
and .25 ? 

The rule' for arriving at the' siiiii of. a series of fraotions'.in;.:" 
geometrical progression — 

311-|. The number of terms (ia' the 'series) is caused to be 
marked (in a separate, column) by zero and ,by one (respectively),, 
corresponding to' the 6ve:n (value) 'which is halved and to the 
uneven' (value 'from which one is subtraetecl, tiil by eoiitiniiiog the.se' 
processes sero is nltiinately 'reached); tlie'ii this (representative 
series made up . of zero and om is used .iii.ordeivfroiii the last cm 
..therein, so that this one multiplied by the eo.airi'ioii ratio is ag.ain).... 
multiplied by the common ratio '(wherever iiappenB to be the', 
denoting item), and multiplied so as to obtain tlie square (wher- 
.e'ver mro happens to be the. denoting - item). ' The result '.-(of' this 
operation) is written down in two positions. Tu one of them, 
what happens to be) the numerator iii the result (thus obtrdned) 
is divided [hy the result itself ; then; one is subtracted (from it) ; 
the (resulting) quantity is multiplied by the iirst term dn the 
Beries) , 'and,, (then.) .by (the .quantity : placed,, in) the.otlier ,.(of ' the' 
two positions noted above). The product iso obtained;, when, 
divided by one as diminished by the conimou ratio, gives rise to the 
required sum of the series. 

,:, Examples in Ulusimiion thereqf. 

312|-~*313. In relation to 5 cities, \the first term is) I- Mnani 
and the common ratio is (Find out the of the Unarm 
obtained in all of them.) ’ The first term is i-, the coinnioii ratio is 


sill-. In this rule, the rmmerafeor of tiie tVactiona,! coinaion ratio is taken to 
bo alwayH 1, See stanza 94*, Ch. II and the note therenix^lc^r. 
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1 and 7 is the number of terms. If you are acquainted -witli 
oaloulation, tben tell me quickly wliat the sum of the series of 
fractions in geometrical progression here is. 

The rule for arriving at the sum of a series in geometrioal 
progression wherein the terras are either increased or decreased 
(in a specified manner hy a given known quantity) — 

314. The sum of the series in (pure) geometrical progression 
(with the given first term, given common ratio, and the given 
number of terms, is written down in two positions) ; one (of these 
sums so written down) is divided by the (given) first term. 
From the (resulting) quotient, the (given) number of terms is 
subtracted. The ((resulting) i-emainder is (then) multiplied by the 
(given) quantity which is to he added to or to be subtracted (from 
the terms in the proposed series). The quantity (so arrived at) 
is (then) divided by the common ratio as diminished by one. (The 
sum of the series in pure geometrioal progression written down in) 
the other (position) has to be diminished by the (last) resulting 
quotient quantity, if the given quantity is to be subtracted (from 
the terms in the series). If, however, it is to be added, (then the 
sum of the series in geometrioal progression written down in the 
other position) has to he increased hy the resulting quotient 
(already referred to. The result in either case gives the required 
sum of the specified series), 

Examples^ in illusiration thereof. 

315. The common ratio is 6, the first term is 2, and the 

quantity to be added (to the various terms) is 3, and the number 
of terms is 4. 0 you who know the secret of calculation, think 

out and tell me quickly the sum of the series in geometrical 
progression, wherein the terms are increased (hy the specified 
quantity in the specified manner). 

314, Algebraically, ^ ^ m -e (r — 1) S* ^ is the sum of the series of 

the following foi’m : o, or Cof i *») f db f 

ABiJ, so on, ' , _ 
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316. ' The first term is 3^ the comiiiOB ratio is the '€|iiaBtity ' 
to be sTibtraeted (from' the-, terms) is.2, ebcI til€b1:llIlllbel^ ■of teriB 
10. 0 you. iiiathematiciaii, think out arid ' tell, me c|iiickly what 
happens to be here the stun of the series in geometrical progression 
whereof tlie terms are diininislied (bj the specified quantity in the 
specified manner). 

■ , The' rule for arriving: at the' first ternij tlie, .eo'mnion clifierenee 
'^and the number of, terms'j ,from the mixed siiiri of the first term;^ 
the coiniiioii difference, thC' ,iiumber o't terms, and the sum (of 'ar 
giveii' series in aritlinietieal progression) : — 

31,7. (, A II, optionally ehoseii iniBiber representing) the 'number' 
of terms • (in the. series) is S'ubtraeted .f roiii the (giyeii) mixed' sum*, 
'(Then)'fhe ,smii of the natural numbers .(beginiiin.g with one a'nd 
going ,' up to) one less than this optionally , chosen numher is 
co.iiibiiied with one. , By means of this as the diyisor (the remainder 
from the mixed sum -as above obtained is divideci). The quotient 
', here happens ,to he the (required) eommoii difference; and the 
remainder (in this operation of division) wdieii divided. by'"the' 
(above optionally chosen) number of t'Orm,s as iiioreased by .o'ria'' 
gives rise to the (required) first term. 

An emofph in illudration ihereof. 

318. It is seen here that the sum (of a series in. arithmetical 
progression) as combined with the first temi,t.lie common difference, 
and the number of terms (therein) is oO. 0 you who know 
calculation, give out quickly the first term, the common difference, 
the number of terms, and the sum of the series (in this ease). 

The rule for arriving at the common limit of time when one, 
who is moving (with successive velocities represe.ntable) as the 
terms in an arithmetical progression, and, another moving with 
steady unchanging velocity, may meet together again (after start- 
ing at the same instant of time) ; — 


317. Bee 8tmms80—82 in Cii* II and the note relating to them. 
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319. Tlie iiurhanging relocity is dimimshed by the first tcmi 
(of tbe velocities in series in aritbmetical progression), and is 
(then) divided by the half of the coiiimon difference. On adding 
one (to the residtiug quantity), the (required) time (of meeting) 
is ajTived at. (Where two persons travel in opposite directions, 
oach with a definite velocity), twice (the average distance to be 
eoi-erccl by either ot them) is the (whole) waay (to bo travelled). 
'Fids when divided by the sum of their velocities gives rise to the 
lime oi (their) meeting. 

enuinpie in ill miration thereof. 

320. A certain person goes with a velocity of 3 in the beginning 
increased (regularly) by 8 as the (successive) common difference. 
The steady uTiehangiiig velocity (of another person) is 21. What ■ 
may be the time of their meeting (again, if they start from the 
same place, at the same time, and move in tbe same direction) ? 

An example vn illmiraikm of the latter half {of the rtile^mn in 
the stanza above). 

321-32iA. One man travels at the rate oidpojmas and another 
at the rate of 3 i/ojanm- The (average) distance to be covered by 
either of them moving in opposite directions is 108 yo/anas. 0 
arithmetician, tell quickly what the time of their meeting 
togetl]er is. 

The rule for arriving at the time and distance of meeting to- 
gether, nvlicn two prrsom start from the same place at the same time 
and ti'avel) witli (varying) velocities in arithmetical progression. 

3224:. The difference between the two first terms divided l>y 
the differenue belween the two common diflerences, wheiimultiplied 
by iuv and increased by one. gives rise to the time of coming 
togetlier on the way by the two persons travelling siniultaneomiy 
(with two series of velocities varying in arithmetical progression). 

319. Alg-ebraicaily, ---f- •}■ 1 = v?here v is .tbe UTichanging' velocity, 

sold t the tioie. * ■■ ■■ -• , ,,, , 

o22-J-, Algebraioaliy, re = ", 
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: Aiiewmnphm i^imt'ation.ikereqf, 

, ,8*23|; A person travels. witli' velocities, 

.lnereasiiig' (sneeessivelj)- by tlie common difference of 8. Again, 
a,: second person t.ravels with velocities begiiiiii.iig with .10, and 
increasing (saecessivety) by- the eomtnoB diff-erence. of 2. What '.is' 
the time of tlieir meetin-g A ■ 

The riile .for time of moo ling of two persons 

(starling at the same time and traveiiing. iii thti same direction with 
Tarying veloeities in arithmetical progression), the eoiiiiiion differ-' 
ence -(in the one ease) being positive, and (i.i.i the otlier) negative :-~ 

'.'324:|.' The difference between the twr.) first terms is divided by 
.half- ''of' the sum ■ of the nnrnb'ers representing the. two '.(given) 
co.immonAiilereiiees, and .-(then) one m added (to the .resulting -quan- 
tity). ..This - becomes the time of meeting on the way by the,.. two. 
pe'r 80 .ii 8 (starting at 'the same time and) trayellin'g 'simtiltaneoiisly' 
„(wit.b velocities in arithmetic.al progres-sioii., the coiBiiioii difference'', 
in, the; one ease. being positive and in the other negative). ' ' , 

c, Aneoi^mjiphmMusfraSionik^^ 

' ,82o.|''. The first man travels ■w.ith vedocdties .begin.rd,ng W'ith S, 
aa.d increased (siiccessively) bj.S as the coiiimo.,ii cliff erence. ',lii 
the ease of the second person, the eommencing velocity is 45, and 
tlie co';mrrion dilfere,iice is :m'mm: 8,: What is the time of meeting .? '■ 

.. .T.l:ie-;.ra^^^ .the' time of ; meeting of two' persoiis'i... 

(starting at different times and) travelling ''respectively) with a 
quicker and a less quick velocity (iu the same direction) - 

Be who travels !e&s quickly aiul he who travels more 
qiiicklj' — ^both move in the same direction. 'What happens to 
be the distance to be overtaken here is divided l)y the difference 
between those (two) velocities. In the course of the number of 
days represented by the quotient (here), the more rjiiiekly moving 
person goes to the less quickly moving oitc- 


Oouipare this with the rnlo given in al*ove. 
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ejxirftple m illmimilom thereof. 

327A-. A certain persoa travels at the rate of 9 yojanaB (a- day) ; 
aacl 100 ydjancm have already been gone o^-er by hioi. a 

messenger sent after him goes at the rate of Vdyojanas (a day). 
In how iiiaa.y days will this (messenger) meet Mm? 

The rule for wor'king out the circiiiiifereiitial iiuniber of 
arrows in the quiver w'itli the aid of the (given) uneven number 
of arrow's ;eciitainod iai the quiver; and vice mrm) : — 

328-y The iiiim'ber of the eireumferential arrows is increased 
by three and Then; haU^ed. This is squared and divided 

by three, (}ii adding one (to the resulting qnantity)^ the num- 
ber of arrows fin the quiver) is obtained. When, however, the 
iiuiiibcr of the eireumferential arrows has to be arrived at, the 
3 , werso process is To be adopted in relation to these operations). 

E^earnples in ilhieiratioh thereof 

329 A. Idle eireumferential number of the arrows is 9. Them 
total number, how’ever, is not known. (What is that ?). The 
total number of aiTOws ;iu the quiver) is 13. Tell me, 0 arith- 
metician, the niimlier of the circumferential arrows also in this 
.ease. 

The role for arriving at the number of bricks to be found in 
structures made up of layers (of bricks one over another) : — 

330^. The square of the number of layers is diminished by 
one. divided by tJrree^ and Then), multiplied by the nmnbei of 
layers. On adding To the quantity so obtained) the product, 
obtained by multiplying the optionally chosen number (represent- 
ing the bricks in the topmost layer) by the sum of the (natural 
numbers begmiiiug wdth one and going up to the given) number 
of layers, the required answer is obtained. 

S30|. Alg’.?bi’aica]]y, x n ^ a, x — 11 is the total numbor of 

bricks in the where % in the number of Isyers, and a the optionally 

chogeri number of bricks in the topmost layer. The number of bricks along 
the length or hreadth of any layer is one less thah ilie Same in the immediately 

tower layer. . = ■ ■ ' 
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oaxixas1b.a:sa:xobaha. ■ . ' : 

Examples in tllmirafion ihermf, 

331|-. 'Tliere'iseoiistnieted an equilateraJ (|iia*lrilatcra] striie.tiire., 
eoii,sistiBg of 5 layers. I'he topmost layer is marie up o:f l:,bric*k. 
0 you who know the ealculatioB' of mixed probieius. tell me how; 
maiij brielis there are ih8ix> m all). 

' 3S2|', There is a striietare biiiit up tif sueeessive layers of bricks,, 
'whieh is in, the form .of the hmidyamrta. -There a,re 4 layers,: 
hiiilt symmetrically w'itli '60 ,(as . the niimmleal mt’asiire of the 
top-briots: in single row":-. . Tell nie'liow ■iaa:ri\' ain fs-.ll tlir- huieks 
(here). 

Rules regarding- the six things to ])e known in the seieiioc- of 
p:roso(l.y ' ' 

, .d38-|*~336y ■ fTho' 11 limber of syllables in a given syllabic yiefre 
Ofehmdm is caused to be marked in a separate co:lamii j by 


. : r 

'Ihe na/ridyt^'V&ria figure referred to in the sranisa i!* — |-**n 

' As each .svllabie found in a iiee formmg a,c;|iiarter ,f>f a staii-ssa,' 
maj be Blio,rii or long, ,there ar,.i.ses- a . nu mber of -varieties eorrc-jspoiidiag* to. the.'; 
dii!'e,rent ■arrange'me.hts of -long nnei short syllab-les. " In, ar,ra,i.ig'ing- ' t'liese.-. 
va.?ietiea, -a eertaia 'order, is foliow.ed, .. The rules given here enable/ns to find' 
out (1) the luimfjer ' tUy \uy.iet.ies ' r>o&sible. in' a metre consisting of -a specified 
number of syllables, (2) the-inaa'iier- of arraiigeineiit .of t,lie syllaKks in these;., 
^varieties, ( 3 ) ■the ' arrange m-cnt of,'. 'tiie- syllables in a- variety ':. specified , fey 
ordhial posiiion, (d) the ordinal pcsirion of a- speeincd arrangtunenr of 
syilablen, (5) the uiiiufeer of varieties containing a spocitied nun>]>ev of Jong, 
or short liahles, and (^6) the amount of vertical Si»ac-e rcoiau'd for exhibiting 
the varieties of a pariicuiar metre. 

The ruh‘8 will become clear iron* ?be following working of the problems 
it’iven in stanza 3371 I''--’ 

(1) Ibere are 3 syllables in a metre ; luiw, \ve proceed thus : 

. 'V ■ 'Xow,- multi'plTing. b? 2 . tire- ,f:;igia'es:,in ,,the:, 

'y .j,-'-,..,;- yu,^ -y.,- 

2 ja 0 right-hand chain, we obtain 0. B} the process of 

-. ;. 2 : 

pj- — multi plication and sqnaring., as explained in the 

note to stanza IM, Ch. If, we get S 5 nod this is the 
number of varieties. 

(2) The nmuner of arraugemeBt ■ of the syllables in each variety is amvod 

1 st variety : 1, feeing csdd, dei-jotes a long gy liable ; so the first sj-llafele is 
long. Add'T to' this 1, and divide the mim by 2; the 
quotient is odd, and denotes another longt syllable. Again, 

^ , 1 is added to this quotient 1, and divided by 2 ; the result, . 
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by one (ly^speetyyely),: correspond iiig to the even (value) which is 

halved; and the uneven (value from whieli owe is subtracted, till 
l)j eontiniiing these processes se;-o is ultimately reached. The 
numbers in the chain of figures so obtained are) all doubled, (and 
then in the process of continued multiplication from the bottom to 
tlie top of the chain, those figures which come to have a s/ro above 
them; are squared. The (resulting) product (of this continued 
multiplication} gives the number i(of the varieties of stanzas possible 
in that syllabic metre or cliflwdffs). 

Tire arrangement (of short and long syllables in all the varie- 
ties of stanzas so obtained) is shown to be arrived at thus : — 
(The natural iiumbem commencing with owe and ending with 
the me8.sarc of the maximum number of possible stanzas in the 
given metre being noted down), every odd number (therein) has 
one- added to it, and is (then) halved. (Whenever this process 
is gone through), a long syllable is decidedly indicated. Where 


again odd, denotes a third long syllable. Thus the iirst 
variety consists of three long syllables, and is indicattTl 
tlms i I i? . 

2nd varif-ry : 2, being even, indicates a short syllable ; when this 2 is 
divided by 2, the C|notient is 1, which being odd indiciitos 
a long syllable. Add 1 to this 1, and divide the sum by 2 ; 
the quotient being odd indicates a long syllable; thus wo 
get 1 f i? , 

b'iuiilarly the otliei* sis varieties are to be found out. 

(B) The iifth variety, for instance, may be found out as above. 

(ii) To find out, for instance, the ordinal i)OsitiGn of the variety, | ? j 
we x>roeeed thus ; — ’ 

Pjelcnv these syllables, write clown the terms of a series in geometrical pro- 
gression, having 3 as the first term and 2 as the common ratio. Add tlie 
i I ! fsgnres 4 and 1 under the the short syllables, and increase the sum by 1 j 
12 4 we get 6 : and we, therefore, say that this is the sixth variety in the 
tri-gj llabie metre. 

‘,5) Suppose the problem is : How many varieties oontam 2 short syllables r 
Write down tlie natural numbers in the regular and in the inverse order, one 

below the other thus • g 2 1' two terms from right to left, both from 

al)ove and from below, we divide the product of the former by the piodtict of 
tlie latter. And the ojuotient 3 is the answer required . 

(b) It is proscribed that the symbols representing the long and shoi t syllable.^ 
of any variety of metre should occupy an a^gula of vertical space, and that 
the intervening space ]>etween any two varieties should also be an a'itgula* The 
amount, therefore, of vertical space required for the 8 varieties of this 
metre is 2 X 8 “ 1 or ir> ^ ' ' : ' 
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the nttBil)er:is eveii, it. is (iiiniiediatelv); halved aEcl this iiidieates;,. 
a., short' syllable. In' this matiiier,,the process (of halving with . or,- 
witlio'iit the addition of 'OH-iJ-as- the ease may be^, iiotiiig dow,ii.at ,. 
the sa'ine time the corresponding long 'and short syllables as; 
indicated], is to, be regularly carried on (till the .aetnal number of,'' 
syllables in the metre is ...arrived, at in each casoe 

(If the nninher representing .in the ..dintnra! urdor any given' 
.¥.ariety of a., stanza), the' arrangeiiient of the syllables wherein (has, 
to be 'found ciitj .(happens to beevein.it) has to be 'halved, and' 
indicates a short syllalde. .(If it happens to , be however odd), 
one ,lias. to be. added to it, and ftlieii) it 'is to be halved : and this 
indicjates a long syllable. Thus (the long and short syllables' have,: 
'tO' be p'lit clown .over and over agaiii, (.in their respective positioiis), 
hill the 'nia,xim'uni nniiiber.of syllables in the sta.iiza is.' a,nivecl:at'.; 
TM.s.'..gi'?es the„a...iTangem'ent (of 'long and short syllables 'in the,', 
required 'variety .of the stanza).. 

, .Where '(a .stanza of a partieiilar 'variety is given,: .and)' 'its; 
''''.ordiiiar,,po3itioii .(among the va'rieties of stanzas po.s.sibI'e. 'itt ''the:' 
metre) is to be found oat, .the terms (of a series in geometrical 
progression’ coinmeneing wdth one and haviiig ifco as the common 
ratio are written down, (tlie iiiimber of terms in the series being 
equal to the uiunber of syllables in'the given metre. A!>ove these 
terms, the correspondiag long .or sbo.rt syllables are ncted down). 
Then the terms (immediately) below the position of short syllables 
are all added; tlie sum (so obtained) is increased hy onc’. (Tins 
o'ives the ream red ordinal miinber.) 

Xatural nnnibers coinmeneing with ooe, and, going np to the 
number (of syllables in the given metre), are written dowu in the 
regular and in the inverse (orrlor in two row^s) one belo’w the other. 
When the numbers in the row are multiplied (1, 2, 3 or more at 
a time) from the right to the left, and the products (so obtained 
ill relation to the upper row) are divided by the (corresponding) 
prodnots (in relation to the Imver row), the quotient represents 
the result of the operation intended to arrive at (the iiiiiiiber of 
varieties of stanzas in the given metre, with J, 2, 3 or more) short 
or long syllables (in the verse). 
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Tlie possible iifim.l:}er'' (of the Tarieties : of s-tanzas in tlie giY( 3 ii 
metre) is multiplied by two and (then) .■ diminished by one. This- 
result gives (the measure of wh is called) (wherein an 
interval equivalent to a stanza is conceived to exist between every 
two successive varieties in the metre). 

.Eamnples in iilastraMon thereof, 

337|-. : in relation: to the metre made up of 3 syllables, toll me 
quickly the six things to be known-- viz., (1) the (maximum) 
number (of possible stanzas in the metre), (2) the manner of 
arrangement, (of the syllables in those stanzas), (3) the arrange- 
ment of the syllables (in a given variety of the stanza, the ordinal 
position wiiereof among the possible .varieties in the metre is 
known), (4) the oi^clinal position (of a given stanza). (5) the 
number (of stanzas in the given metre contaimng any given 
number) of short or long syllables, and (6) the (quantity known 
as) adhvan. 

Thus ends the process of summation of series in the chapter 
on mixed problems. 

Thus ends the fifth subject of treatment, known as 
Mixed Problems, in Sarasangraha, which is a work 
on arithmetic by Mahaviracarya, 
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OHAPTEB. VIL 

:■ OALOULATIO'N EELATING' TO THE MEASUEEMENT ■ ^ 

Of AREAS. 

1. .For the accomplishineat of the object held in view. I bow 
again and again, with true earnestness to the most excel leut 
Siddhas who have realized the knowledge of all things. 

Hereafter we shall expound the sixth variety of calculation 
forming the subject known by the uame of the Meamremerd- of 
Areas. And that is as follows : — 

2. (The measurement of) area has been taken tu bo of two 
kinds b}' Jina in accordance with (the na-ture of) the result, 
namely, that which is (approximate) for practical purposes and 
that which is minutely accurate. Taking this into cousideratioo, 
I shall clearly explain this subject. 

H. (Mathematical) teachers, who have reached the other shore 
of the ocean of calculation, have given out well (the vivrioiis kinds 
of) areas as consisting of those that are trilateral, quadrilateral and 
eurvi-linoar, being differentiated into their respective varieties. 

4. A trilateral area is differentiated in three ways; a quadri- 
lateral one in five ways; and a curvi -linear one in eighlways . 
All the remainiiig (kinds of) areas are indeed variations of tho 
varieties of these (different kinds of areas). 

5. Learned men say that the trilateral area may bo oquilutoraL 
isosceles or scalene, and that the quadrilateral area also may be 


5 aixd 6. llio various kinds of onoiosed areas menLioued in lIic-sc sUiuzus! are 
illustrated below : — 



Bamat-ribhuja Equilateral, . Dvisariiatribliojla = VifiauxaGribhu^a, == fecaiutu' 
trilateral iigure. Ikosceles tailaterat trilateral figure* 
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eqiii-lateral, equi-clichastie, equi-bilateral, equi-trilateral and in 


Saoiacatorasra 


Iiqui-lateral Dviclvisamacat.nrasra =rs Eqiii-dichasfcic 
[•a!. quadrilateral. 


Dvisaniacatiirasra = Equi- bilateral Trisamacaturasra Equi- trilateral 

quadr i ] at e ral . quadrilateral . 


Yisamacaturasra == Iriequi-lateral 
quadrilatorai. 


>Sajuavrtta = Circle. 


AyataTirtta'sK Eilipse. 


Ai’dhavrita -= Seniicirele, 



ill'' 

iliv 


■;iB6 . ganitasIeasahgeaha. 

^ may . be),, a cjirole^ a seiricirclo^ an 

ellipse,' a ooiieliiforiii' area, .a,/coiicave ' oirealar ■ area, a eoiiYex 
cirealar area, an: ont^lying*' annulus or en in-reEichiiig aiiniiiuB. 



AntiiscakravalaTrLtn. = Ii3' 
reaolimg* ar.iiulns. 


B{ihisca,kravalavrtta 
annul iL«, 


.From a consideration ot the rules given for the measurement o! the disoeri- 
sions and areas of qnadrilatoral figures, it has to be concluded that all the 
quadrilateral iigures mentioned in this chapter are cyclic. Hence rai equilateral 
quadrilateral is a square, an. equidichastio quadrilateral is an oblong j and equf- 
bilafceral and eqai-trilateral quadrilateralshave their topside pai allel to the liastq 


Ha mbukavrtta = oonchiform N i nmaviijta = concave U nnatavrtta = convex 

■ area, eironlar. area. circular' artja. 
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■7. A tfi]fit:eral figure is liore conceived tu be forraed hy niaking the topside, 
i.e., the side oyrposUc to the base, of a quadrilateral so small as to be neglected* 
I'hen the tv’o lateral sides of the trilateral figure beooino the opposite sides, 
the topside being taken to be nil in value. lienee it is that the role speaks 
of opposite sides evtui iiitiie jtise of a trilateral figure. 

-As hull the sum of the tvo sides of a triangle is, in all eases, bigger than the 
altitude, tlie value of the nvvd arrived at according to this role cannot be ncca- 
ra,te in ony instance. 

In regard to quadrilateral figures tlie value of the area ariived at accord- 
ing to this rule can be accurate in the esse of a square and an oblong, but only 

jippimireate in other cases, 

is r.he area, enclosed I’ciwoeti 'the cirouT0fer0noes ol two eoncontric 
circles ; and the rule here stated for finding out the 'approximate measure of the 
area of a MamilesHm happens to give the accurate nreasuro thereof. 

• In the. case of a figure resooibling the crescent moon, it ' Is evident that tins 
result arrived at according to the rule gives only- an approxiumt© meaRure of ' 
the area. , ■: th i 7 - •■s. ' ' 


Calculation relating to approximate measurement 
(of areas). 

The rule for arriving at the (approximate) measure of the 
arcci'S of trilatanil and ijuaclrilateral fields : — ■ 

7. The protliiet of the halves of the sums of the opposite sides 

the ('quantitative) measurement (of the area) of trilateral 
anil (jiuk'lriiateral figures. In the ease of (a figure constituting a 
eireiihif .Siiiinhis like) tlie rim of a wheel, half of the sum of the 
(inner and otiter) eiieii inferences multiplied by (the measure of) 
ti:ie lireiiiltii (of the aariii ins gives the quantitative measure of the 
area tiioreof). Half of tliis result happens to be here the area of 
(a figure resemlAliiig) the crescent moon. 

ExampleB in illustration ther'eof, 

8. In the case of a trilateral figure, 8 dandas happen toHie, the ■ 
nieasiire of the side, the opposite side and the base; tell me 
quickly, after ealoulatiog, the practically approximate value (of the 

area) thereof. 

9. In tlio case of a trilateral figure with two equal sides, the 
loogth (represented by the two sides) is 77 dan4as\ and the 
breadth (measured by the base) is 22 dandas associated with 2 
hastas, (Mud out the area.) 
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10. IB the case of a scalene trilateral figure, one si<ie is 13 cUndas^ 
the opposite side is 15 dayidas ; and the base is 14 dandas. So what 
is the quantitatiye measure (of the area) of this (figure) ? 

11. In the ease of a figure resemhling (the medial longitudinal 
feseetion of) fche tusk of an elephant, the length of the outer cur^e 
is seen to be 88 dandas ; that of the inner curve is (seen to be) 
72 dmidcm ; the measure of (the thickness at) the root of tlie tusk 
is 30 dmidM, (Wliat is the measure of the area ?) 

12. In the case of an equilateral quadrilateral figure, the sides 
and the opposite sides (whereof) are each 60 dandas in measure, 
you tell me quickly, 0 friend, the resulting (quantitative) measure 
(of the area thereof), 

13. In the case of a longish quadrilateral figure here, the length 
is 61 dmidas^ the breadth is 32. Give out the practically approxi- 
mate measure (of the area thereof). 

14 In the case of a quadrilateral with two equal sides, the 
length (as measured along either of the equal sides) is 67 dmuks^ 
the breadth, of this figure is 38 dandas (at the base) and 33 dandas 
(at the top. What is the measure of the area of the figure ?) 

15. In the case of a quadrilateral figure with three equal 
sides, (each of these) three sides measures 108 dandas^ the (remain- 
ing side here called) mukha or top-side measures 8 dandas and 3 
hastas. Accordingly, tell me, 0 mathematician (the measure of 
the area of this figure). 

16. In the case of a quadrilateral the sides of which are all 
unequal, the side forming the base measures 38 dandas^ the side 
forming the top is 32 dandas : one of the lateral sides is 50 dandas 
and the other is 60 dandas. What is (the area) of this (figure) ? 

17. In an annulus, the inner circular boundary measures 30 
dandas ; the outer circular boundary is seen to be 300. The breadth 


I 11, The shape of the figure mentioned in this sfcaniaa 
: seems to be what is given here in the margin ; it is 
I intended that this should h© treated as a trilateral figure, 
; and that the area thereof should be found out in acoordanc© 
with the rule given in relation to trilateral figures. 




19. 'Tbe approximate character of the measure of the eireumforeticc as well 
as of tlie area as given hero is cine to the value' of v being taken es 3. 

21. The formula given for tlie ciren inference of an ellipse is evidently 
an ap|)roximation of a different kind. The area <»f an ellipse is ir. ft.6, where 
a and h are the semi-jaxos, If tr is taken to .be' them «*. a.t, » & a.B. 

But the formula given in the stausa makes the atea equal to Sa&'P hB* 


oi' tlie anniiiiis is 45. Wliat is the calculated measure of the area 

of (this) anmilus ? 

18 . Ill the ease of a Sgure resembling the crescent moonj the 
breadth is seen to bo 2 hasias^ the outer curve 68 kasfas^ and 
the inner curve S2 kasfas. Say v/hat the (resulting) area is. 

1:h3 rule for arriving at the (praetioally approximate value of. 
the] aiT^a of the circle : — 

19 . The (measure of the) diameter multiplied by three is the 

measure of the oiroiiiiiference and the iiumhcr representing the 
square of the diameter, if multi})licd by ihree^ gives the 

(resulting) area in the case of a complcto circle. Teachers say 
that, ill the case of a semicircle, half (of these) give (respectively) 
the measure (of the circumference and of the area). 

Exmn2:)leB in illustration thereof, 

20. In the case of a circle, the diameter is 18. What is the 
oii’cumferencej and what the (resulting) area (thereof)? In the 
case of a semicircle, the diameter is 18 : tell me quickly what the 
calculated measure is (of the area as well as of the circum- 
ference). 

The rule for arriving at (the value of) the area of an oiliptieal 
figure : — 

21. The longer diameter, increased by half of the (shorter) 
diameter and multiplied by gives the measure of the cir- 
cumference of the elliptical figure. One-fourth of the (sliortcr) 
diameter, multiplied by the circumference, gives rise to the 
(measure of the) area (thereof). 
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An emmfle in illustration thereof . 

22* III "the case of an elliptical figure the (shorter) diara.(3ler is 
125 the longer diameter is. 36* What is theeirouniferoiieo and 
what is the (resulting) area' (thereof) ? 

'■ The riile for arrwi.ng at .the (resaltiag) area of 'a coiichifonii 
cur\ilinoarfi.gore:~- 

; 23. " Ill the case of a . concliifo'Fiii oarviliiiear figoro,, I ho 
measure Q.f the (greatest) breadth diminished by half the iiieasiire 
of the raouili and multiplied by three gives the measure of trie 
porimetor. One-third . of the square of half (this) perimeter, 
mereased b}^' three-fourths of the square of half the measure. of the 
month, (gives the area). 

An example in illustration thereof, 

2-i. In the case of a coachi-forin figure the breadth is 18 hasta^^, 
and the measure of the mouth thereof is 4 (Iiastas). You tell me 
what the perimeter is and what the oalaulated area is. 

The rule for arriving at the (resiiltiiig)^ area of the ooncave 
and convex circular surfaces 

25, Understand that of the cirouinfereiice multiplied 

by the diameter gives rise to the caloiikted (resulting) area. 
Thence, in the case of ooncave and eouvex areas like that of a 


23. If a is tho diamotei* and m is the -measure of the month, tlion B (a - -J >> 71 ) 
is the measure of the circuaifcreiice ; and j x i + -j 

is the ineasuiv of the area* Tlic exact shape of the fi^nre is not clear from the 
description given ; but from the values given for tho oireum Terenoe and. the area, 
it may be conceived to consist of 2 mieiinal semicircles placed so that their 
diameters coincide in position as shown in figure 12, given in the foot-note to 
stanza G, in this chapter. 

25. The area here specified seems to be that of the surface of the segment of a 
sphere ; and the measure of the area is stated to ho, when symbolically represented, 

equal to -k X d, where c is the circumference of the sectional circle, and d is 

the diameter thereof. Bid, the area of the surface of a spherical segment ei 
this kind is equal to 2 v. 'r.% where r is the l adius of the sectional circle and 
h is the height of the spherical segment. 
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saonfieEil a, ‘.id like tlir.i of ,T.lio back of) t}ie tortoise, (ihe 

roqiiiiAM:! r;>nlt> m to in) aiTivedat). 

As ea^an^pie in ilhisiraiion- thereof . 

26. Ill ike ease of tlie a^--ea of a sacrifieiai fire-pit tke aioasnif 
of the diaiocter is 27, and the ineasiire. of the- eimimfenaioo is 
seen to bo 56. Wiiat is tlie; calculated' iiieasiire of the area of 
..that saniG (pit) , , 

emmph : about a eorwea^ circular mr face resembling [the 
i)fich)of'aiorfom.' 

27. The diainel'e.r is 15, and the eircom feren.ee is seen to be 
36. Ill' the case of this area leseinbling the (back of a) tortoises, 

' what is the practieallj approximate measure as calculated ? 

The rule for arriTiiig at the practically approximate vnloe of 
the area of an-iii-ljiiig annular figure as well as of an oiit-reaeliing 
annular fi.g*iire : — 

28. Th©' (inner) diaiiieter - increased by ■ the breadth (of the 
an,nular .area) when 'multiplied, by and by. the breadth (of the 

' annular area) gives the calculated measure of the area of the oiit- 
' reaching ariimlar figure. . (Similarly the measure .of the calculated 
area) of the in-lying* amiular figure (is to be obtained) from t!io 
ilia.acter as diminished by the breadth (of the annular area). 

Enimples in ilhisiraiion ihere^^ 

29. The diameter is 18 and the hr of the out- 

reaching annular area is 3 in this ease : the diameter is 18 hasim 
and ligaiii the breadtli of the in-lying annular area is 8 hastas. 
"What may be (the area of the annular figure in each case) ? 


2S. The shape of the ^^r[^5fi‘^P;fW<JI-W:as.welt as of i'h 

is idoiiMcal with the shape of the mentioned in the note to stanza 1 in this 

ehapter. Ilence the rule given for arriviiig at the area of all these figores works 
oat to he the sn.u'.e practically. 
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(requite dmeasiireraeiit. of) area is tliat which results hj multi- 
plying half tiio sum of the end iiieasm*e -and the middle measure 
by.thelengtlu' 

Mmmphs in iliMsiration 

' 33. .Ill, the ease of an area resembling 'the configuratiou of 
0 , yma grain, the length is 80 and the .breadth in the middle is 
40. Tell iiie« what may be the ealcnlateri measure of that aina ? 

34,. Tell (me what may be the ealciilated measure of the area) 
in relation to a field which has the. oiitliiie eoBfigiiratioii of the^ 
mrdmga^ and of which the length is 80 doMas, the end mc?asuTe 
is 20 and the middle measure is 40 dandm. 

35. in' the case of field, having the outline of the pamm^ 
the length is 77 dandas^ the measure of each- of the two ends is 8 
dandaSj and the meas'ure in the middle is 4, dmdas, t'Wljat is the 
measure of the area ?) 

36. Similarly in the ease of a field having the outline of the 

vajra^ the length is 96 in the middle there is the middle 

point ; and at the ends the measure is IS-I dandm, (What is the 
measure of the area?) 

The rule for arriving at the measure of areas such as the 
or di- — 

37. On subtracting the product of the length into half the 
breadth from the prodnet of the length into the breadth, you 


nie nieasiarf^s of the area arrived at according to the rule giveu in this stanza 
are approximately correct in the case of all the figures, as the rule is based on 
the assumption that each of the bounding curved lines may bo taken to bo equal 
to the sum of two straight lines formed by joining the ends of the curves with the 
middle point thereof. 

S7. The figures mentioned in this stainsaare those given,. below : 

These are looked 
upon as being derived 
from a quadrilateral 
figure which is divided 
into four triangles by 
means of its diagonals 
crossing each other. The 




■ aAflTASlKASAHGBAaA. 

measure of the di-deficieut area 
: latter product here) by halt of this 
l3e subtracted) is the measure of 


n illustrate thereof. 
and the breadth is only 18 Aa 
are of the area in the case of 
the ease of the uni-deficient area 

i,t the practically approximate me 
embline the outline of a mul 


)posite triangles out of tlie 
.sideration, the imi-defioient 
out o£ the four tria.BgIes is neglected. 

the area of figures made up of 
of the::; sides, 

This, 


is that in which any 
the quadrilateral are 
ill which only one 
atated in this stanza gives 
sTdes. If « is half the sum of the measures 

er of sides, tie area is said to be equal to— x 

i to give tbe approximate value of the area in the case 
quadrilateral, a hexagon aud a circle conceived as a_ figure ot 
,f sides. The other part of the rule deals with the interspace 
s of circles in contact, and the value of the area amved 
5« also anuroximate. The figure below 


l^HAF'rEE VII— MlASUKMEl^T OF AEEAS. Iflf) 

iBcluded between circles (in eoniaet), one-foii.rtb (of the rosiilt 
thus arrived at gives the required measure). 

Emmpks in illusiraiion thereof^ 

40. Ill the ease of a six-sided figure the measure of a side is 
and ill the case of anothtu^ figure of 10 sides the nioasiire of a 
side is S. Give out (the meesiire of the area in oaeh ease). 

41. Ill the case of a trilateral figure one of the sides is Oj, the 
opposite (ic., the other) side is 1 ^ and the haso is 0, In the ease 
of another hexohiteral figure the sides are in measure from 1 to fi 
in order. ( hind out the value of the area in each case). ■ 

1-2. (Give out) the value of the interspace iiiehided inside 
four (equal) circles (in coiitaot) having a diameter which is 9 ' ia 
measure ; and (give out) the value of the area of the interspace 
iuelnded inside three ciicles having diameters measuring 0, 5 
and 4 (respectively). 

The rule for arriving at the practically approximate area of a 
field resembling a how in outline : — 

4f3. In the ease of a bow-shaped field the calculated measure 
(of the area) is obtained by adding together (the measure of) the 
arrow and (that of ) the string and multiplying the sum by half 
(the measure) of the arrow. The square root of the square of the 
(measime of the) arrow as multiplied by 5 and (then) as eombiried 
with the square of the (measure of the) string gives the (measure 
of the bent) stick (of the bow). 


43. The field resembling a bow in outline ib in fact tlie segment of a circle, 
the bow forming- fcbc arc, tho bow-string forming the chord, and the arrow 
measurmg the greatest perpendicaiar distance between the arc and the chord. 
If a, c, and 53 represent the lengths of theso three lines, then, according to the 
rules gwen in stanzas 43 and 45 ^ — - 

Area = (0 -f p) x . 

Length of bow 5 = 4^5 ^ ^ + C" 

4/® . 

„ of arrow = 

„ of bow-string 

For accurate value see stanaas and 74-| in this chapter. 
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An example in iUustratim thereof. 

44. A bow-shaped field is seen whereof the string-measure is 
26, and the arrow-measure is 13. Tell me quickly, 0 “^'themaf.i- 
eian. what the ealoulated measure of this (area) is, and what the 
measure of this (bent) stick (curve). 

The rule for arriving at the arrow-measure as well as the 
string-measure (in relation to a how-shapod field) 

45 'I’he difference between the squares ot the string and of die 
bent how is divided by 5. The square root (of the resulting 
quotient) gives the intended measure of the arrow. The square 
of the an-ow is multiplied by 5 ; and (this product) is subtracted 
from the square (of the ain) of the bow. The square root (of 
the resulting quantity) gives the measure corresponding to the 

string. 


Examples in illustration thereof , 

46. In the case of this (already given bow-shaped) field the 
measure of the arrow is not known ; and in the case of another 
(similar field) the measure of the string is not known. 0 you who 
know calculation, give out both these measures. 

The rule for arriving at the practically approximate value of the 
area of the circle which is circumscribed about or inscribed within 

a four-sided figure . 

47 . Half of three times (the measure of the area of the inscri le 
quadrilateral figure) gives the measure of the area of the circle m 
the case in which it is circumscribed outside. In the case where 
it is inscribed within and the quadrilateral is the other way 
[ie escribed), half of the above measure (is the required quantity). 


47. The formula here given may he seen to he to 

atinare. but only approximate in the case of other quadrilaterals, if 3 be taken 

Ka tlie ooxreofc •value of tc* 



3? s=s Vu^ ci^ or 4/p''X Co®. ■ Here h, c, represent the measures 
of the sides of a triangle^ the measures of the segments of the base whose 
total length is c } and p represents the length of the perpendicular* , 
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-^ 1/1 example in iUustration Mereof, 

48, In relation to a quadrilateral . flgnrej each of whoso skies 
is 15 (ill iiumatire),' tell me the, pr^etioally approximate value of the 
iiiscribed and the escribed cM 

Thus ends the ealeulation of ■ practieallv approximate vahu? iis 
relation .to areas. 


The Minutely Accurate' Calculation of the 
Measure of Areas. 

Hereafter in the calculation regarding* the measurement of 
areas we shall expound the subject, of treatment known as 
minutely accurate calculation. And that is as follows 

The rule for arriving at the measure of the pei’^pendicu.lar (from 
the vertex to the base of a, given .triangle) and (also) of the s.eg.iiients 
into which the base is thereby divided) 

49. The process of mnkrmmna carried out between the base 
and the difference between, the squares of the sides as divided by 
the base gives rise to the %'alaes of the two segments (of tlie base) 
of the triangle. Learned teachers say that the square root oi the 
difference between the squares of (either of) these (segments) and 
of the (corresponding adjacent) side gives rise to the measure of 
the perpendicular. 


49. Algebraically reprsseiitod 
aP — 
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The rule for arriving at the minutely, accurate roeasureraent of 
the area (of trilateral and quadrilateral figures) :~~ 

50. Four quantities represented (respectively) by half the sum 
of the sides as diminislied by (each of) the sides (taken in order) 
are multiplied together ; and the square root (of the product so 
obtaiiied) gives the minutely accurate measure (of the area of the 
figure). Or the measure of the areas may be arrived at by multi- 
plying by the perpendicular (from the top to the base) half the 
sum of the top measure and the base measure. (The latter rule 
does) not (hold good) in the case of an inequi-lateral quadrilateral 
figure. 

Examples in illustration, thereof, 

51. In the case of an equilateral triangle^ 8 dandas give the 
measure of the base as also of each of the two sides. You, who 
know ealoulation, tell me the accurate value of the area (thereof) 
and also of the perpendicular (to the base) as well as of the 
segments (of the base caused thereby). 

52. lu the case of an isosceles triangle (each of the) two (equal) 
sides measures 18 dandas^ and the base measures 10. (What 
is) the accurate measure of the area thereof, and of the perpendi- 


50, Algebraically represented : — 

Area of a trilateral figure "Vs (s - a) {s — h) (5 -c) ; wiier© 
s is half the sum of the sides, a, h, <?, the respective measures of 
the sides of the trilateral figure i 
c 

or ==— X p , where p is the perpendicular 

distance of the vertex from the base. 

Area of a quadrilateral figure = V a) (s — 2)) (s — c) (s'-d) 
where s is half the sum of the sides, and a, 6, c, d the 
measures of the respective sides of the quadrilateral figure j 

or = — X p (except in the case 
2 ■ 

of an inequilateral quadrilateral) where p is the measure of 
either of the perpendiculars drawn to the base from the extremi- 
ties of the top side. 

The formulas here given for trilateral figures are correct ; but those given for 
qnadrilatral figures hold good only in the case of cyclic quadrilaterals, as in 
these formulas sight is lost of the fact that for the same measure of the sides the 
value of the area as well as of the perpendicular may vary. 



54. Algebraically repi^esentecl the measure of the diagoiKil of a quadrilatoral 
figure as given here is — 

/iac^hd) iah+cd) 

V ad + be V ' ' ab'+ cd 

These foTimilas also are correct only for cyclic quadi’ilatorals. ISliaskarii- 

carya is aware of the futility of attempting to give the measure of the area of 
a quadrilateral without previously knowing the values of the perpontlieular or of 
the diagonals. Vide the following stanza from his LUdvait : — 

?r ^ Pm 
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'eiilar (toilie base) as also^ 1 (of the base eaiiscd 

tberebj) ? . 

,5t]. In the ease of a soalene triangle one of the skies is Ki [in 
measure), the opjposite side is 15, and the base is l4. What 
indeed is the caieulated measure (of the area of this figure), ami 
-what of the perpeiidieiilar (to' the base) o,nd of the bosal sogiiiofjts f 

Hereafter give) the rule, 'for arriving at the value of the 
diagonal of tl:ie five varieties of quadrilateral figures. 

64. The two quantities obtained by multiplying the Imsal side 
by the (larger and the smaller of the right and the left) sides are 
(respectively) combined with the two (other) quantities obtained by 
multiplying the top side by the (smaller and the larger of the right 
and the left) sides. The (resulting) two sums constitute the multi- 
plier and the divisor as also the divisor and the multiplier io 
relation to the s.um of the products of the opposite sides. The 
square roots (of the quantities so obtained) give the required 
measures of the diagonals. 

Exemipka in ilhstraim^ 

55. In the case of an equilateral quadrilateral which has all 
around a side measure of 5, tell me quickly, 0 friend who know 
the secret of caleolation, the value of the diagonal and also the 
accurate value of the area. 
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56. In the ease of a longish quadrilateral, the (horizontal) side 
is 12 ill measure and the perpendioalar side is fl in measure. 
Tell ine quickly what the measure of the diagonal is and what the 
aeoiirate measure of the area. 

' 57. The basal side of an eqni-bilateral quadrilateral is 36. One 
of the sides is G1 and the other also is the same. The top side is 
14. What is the diagonal and what the accurate measure of the 
area? 

58. In the case of an equi-trilateral quadrilateral, the square of 
13 (gives the measure of an equal side) ; the base, however, is 407 
in measure. What is the value of the diagonal, of the basal 
segments, of the perpendicular and of the area ? 

59. The (right and the left) sides of an inequilateral quadri- 
lateral are 13 x 15 and 13 X 20 (respectively in measure) ; the 
top side is 5^, and tlie side below is 300. What are all the values 
here beginning with that of the diagonal ? 

Hereafter (are given) the rules for arriving at the 
minutely accurate values relating to curvilinear figures. Among 
them the rule for arriving at the minutely accurate values 
relating to a circular figure is as follows : — 

60. The diameter of the circular figure multiplied by the 
square root of 10 becomes the circumference (in measure). The 
circumference multiplied by one-fourth of the diameter gives the 
area. In the case of a semicircle this happens to he half (of 
what it is in the case of the circle). 

Examples in illustration thereof. 

61. In the case of one (circular) field the diameter of the 
circle is 18 ; in the ease of another it is 60 ; in the case of yet 
another it is 22. What are the circumferences and the areas ? 


60. The value of x given in this stanza is 4 /IO, which is equal to 3*16 

Compare this with the more approximate value (=; 8*1416) given hj 

Aryabhata* Bhaskaraclirya also gives to it the same value, and i-epresents it in 
reduced terms as ■ 




An e:mv^le in illustration thereof, 

64. In tte case of an elliptical ligare, the length (as measured 
by the longer diameter) is 36, and the breadth (as measured by 
the shorter diameter) is 12. Tell me, after ealoolatiou, what the 
measure of the ciroiimferenee is, and what the minutely accurate 
measure of the area. 


The rule for arriving at the minutely accurate values in rela* 
tion to a eonchiforin figure : — 

65i. The (niaximmii 3 iieasure of the) breadth (of the figure), 
diminished by half (the measure of the breadth) of the mouth, 
and (then) multiplied by the square root of 10, gives rise to the 
measure of the perimeter. The square of half the (maximum) 


03. If a ivpresents the laeagure of the loager diaiuoter ami h that of the 
shorter diameter of au ellipse, then, according to tlio rule given h ere, the oir- 
oiimference is V 6?r +" 4a^, and the area is J 5 x V 05® + ‘l-a®. It may be 
noted tlui,t this stanza, us found in the MSS., omits to menlion that thesqmro 
root of the ciuantity Is to be taken for arriving at the value oi the circumfer-euce. 
The formula for the area given hero is only an a.pproximation, ami seems to bo 

based on the analogy of tho area of a circle as represented by ttcI x where 

d is the diameter and -red is the circumference. 

65|. Algebraically, circiimferenoo =: (a | m) x 4/ 10 j . ; 

area = f f (o - 4 mi) X I ] + (’^Yl x -j/iO 5 where ft is tho measwe of the 
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62. In the case of a semioiroular field of a diameter ineasnring 
12, and of (another) field having a diameter of 36 in measure 
what is the oiroumference and what the area ? 


The rule for arriving at the minutely accurate values relating 
to an elliptical figure : — 

63. The square of the (shorter) diaTiieter is multipliod Ity 0 
and the square of twice the length (as measured hj the longer 
diameter) is added to this. (The square root of this sum gives) the 
measure of the circumference. This measure of the circamferenoo 
multiplied by one-fourth of the (shorter) diameter gives the 
minutely accurate measure of the area of an elliptical figure. 
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breadfeh' .(of ■ the, figure), 4 s , dimiaislied by half the; (breadth of ,■ 
the) mouth, and the square of one-fourth of the (breadth of the) 
'mouth: are added together; and the resulting . sum is multiplied ' 
by the square root of 10, This gives rise to the minutely accurate 
measure of the area in the case of the conohiform figure. 

An example in illustration thereof . 

66|. In the ease of a conohiform curvilinear figure the (maxi- 
mum breadth is 18 dandas^ the breadth of the mouth is 4 
(dandas). What is the measure of the perimeter and what the 
minutely accurate measure of the area as calculated ? 

The rale for arriving at the minutely accurate measures in 
relation to outreaching and inlying annular figures 

67|-. The (inner) diameter, to which the brea dth (of the annulus) 
is added, is multiplied by the square root of 10 and by the breadth 
(of the annulus). This gives rise to the value of the area of the 
out-reaching annulus. The (outer) diameter as d (mini shed by the 
breadth (of the annulus) gives rise (on being treated in the same 
manner as above) to the value of the area of the inlying annular 
figure. 

Examples in illustration thereof , 

68-1. Eighteen measure the (inner or the outer) dia- 

meter of the an nulos (as the case may be); the breadth of the 
annulus is, however, 3 (drm^as). You give out the minutely 
accurate value of the area of the outreaching as well as the inlying 
annular figure. 

69|-. The (outer) diameter is 18 and the breadth of the 

inlying annulus is 4 dandas. You give out the minutely accurate 
value of the area of the inlying annular figure. 


maximum breadth, and w the measure of the mouth of a couchiform figure. As 
obserTed ia the note relating to stanza 23 of this chapter, the figure inteuded is 
obviously made up of two unequal semicircles. 
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Tlie rule for arriviiig at the minixtelj accurate rallies relating 
to a figure resembling (the longitudmal section of) thej^am grain, 
and also to a figure having the outline of a bow 

701-. It should bo known that the measure of the string 
(chord) multiplied by one-fourth of the measure of the arrow, and 
then multiplied by the square root of 10, gives rise to the (accu- 
rate) value of the area in the ease of a figure having the outliiio of 
a bow as also in the ease of a figmc resembling the (longitudinal) 
section, of a ya-ra grain. 

Examphi^ in illustration thereof. 

71'|. In the ease of a figure resembling (the longitiiclmal) 
section of the yava grain, the (maximum) length is 12 ihmdas ; 
the two ends are needle points, and the breadth in the middle is 
4 dandas. What is the area ? 

72|, In the case of a figure having the outline of a bow, the 
string is 24 in measure ; and its arrow is tahen to bo 4 in measure. 
What may be the minutely accurate value of the area ? 

The rule for arriving at tlie measure of the (bent) stick of the 
bow as well as of the arrow, in the case of a fi-gure having the 
outline of a how : — 

7 3-J, The square of the arrow measure is multiplied by 6. 
To this is added the square of the string measure. The square 

70^. The figure resembling a bow is obviously the segment of a circle. Tho 

area of the segment as given here = c x x -i/lt). 

, ... ■ 1 

This formula, is not accurate. It seems to be based [ p 

on the analogy of tho rule for obtaining the area of a / [ \ 

semi-circle, which area isevideTitly equal to. the pro- 
duct of TT, the diameter and one-fourth of the radius, c 
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root of that (wliicli happens to be the resulting sum here) gives 
rise to the measure of the (bent) bow-stict. In the ease of finding 
ont the measure of the string and the measure of the arrow, a 
course converge to this is adopted. 

The rule relating to the process, according to the converse, (here 
mentioned) : — 

74-|. The measure of the arrow is taken to be the square root 
of one-sixth of the difference between the square of the string and 
the square of the (bent stick of the) bow. And the square root of 
the remainder, after subtracting six times the square of the arrow 
from the square of the (bent stick of the) bow, gives rise to the 
measure of the string. 

An example in illustration thereof. 

75|. In the ease of a figure having the outline of a bow, the 
string-measure is 12^ and the arrow-measure is 6. The measure 
of the bent stick is not known. Ton (find it out), 0 friend. (In 
the ease of the same figure) what will be the string-measure (when 
the other quantities are known), and what its arrow-measure (when 
similarly the other requisite quantities are known) ? 

The rule for arriving at the minutely accurate result in relation 
to figures resembling a Mrdanga, and having the outline of a 
Panam. and of a Vajra — 

76i. To the resulting area, obtained by multiplying the 
(maximum) length with (the measure of the breadth of) the 
mouth, the value of the areas of its associated bow-shaped figures is 
added. The resulting sum gives the value of the area of a figure 
resembling (the longitudinal section of) a Mrdahga. In the ease 

l33 giving’ the rnle for the measure of the arc in terms of the chord and the 
largest perpendicular distance betweeen the arc and the chord, the arc forming 
a semicircle is taken as the basis, and the formula obtained for it is utilized for 
arriving at the value of the arc of any segment. The semicircular arc == r x 
4^1[6= V lQr^= V Or ^ : based on this is the formula for any arc j 

where p = the largest i)erpendioular distance between the arc and the chord, 
and c = the chord. 

76i. The rationale of the rule here given will be clear from the figures 
given in the note under stanaa 32 above. 
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of those two (other) figures -wliich resemhJe- ■(the loRgitiidiisal 
section of) the Pfmawu., and (of) the Ftym, that (sasne .resulting 
area, which is obtained by moltipl 3 diig the. maximinii length with 
.the' irieasiire of the month)., is- diminished by the 

measure. of the areas of the associated bow'-shaped figures. (The 
reiiiamcler gives the require! measure of the: area eoncorned.) 

Emmfles in iUiisiraiion thereof, ^ 

'77^. In' the. case of a figure having ..the otitliiie eon figuration 
of a Mfdahga^ the (maximum) length is 24 ; the breadth of (each 
of), the two. months , is 8 and the ' (maximum) .breadth in the 
middle is 16. ' What is the a.rea ? 

78|-. In the case of a figure having the outline of a, Pamm^ the 
(maximum) length is 24 ; similarlj^ the measure (of the breadth of 
either) of the twm mouths is 8 ; and the central breadth is 4. 
What :is'' the -area ?' . .' 

79J. In the case of a figure having the outline of a Vajra^ 
the (maximum) length is 21 ; the measure (of the breadth of either) 
of the two mouths is 8 ; and the centre is a point. Give out as 
before what the area is. 

The rule for arriving at the minutely accurate value of the 
areas of figures resembling (the anniJus making up) the rim of 
a wheel, (resembling) the crescent moon and the (longitudinal) 
section of the tusk of an elephant : — 

80|, In the case of (a circular annulus resembling) the rim of 
a wheel, the sum of the measures of the inner and the outer 
curves is divided b}" 6, muitip>lied by the measure of the breadth 

80J. Tlio rule here given for the area of an annnlus, if ejcpressed algebraic- 
ally, comes to be — - x jp x 4/ 10, where % and are the measnros of 

the two circumferences, and p is the measure of tho breadth of the annnlns. On 
a comparison of this value of the area of the annulus with the approximate value 
of the same as given in stanaa 7 above note thereunder), it will be evident 
that the formula here does not give the accurate value, the vaine mentioned 
in the rule in stanza 7 being Itself the accurate value. The mistake seems io 
have arisen from a wrong notion that in the determination of the value of 
this area, v ia involved oven otherwise than in the values of ai and Uf# , 
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of tie ann.l», .«a «g^« -oltipM by tie ■I"*" “»* "J I"; 
fTlie result gi'res the value of tho required area.) Half of this is 
the (required) value of the area iu the ease of figures resemhliug 

the orescent moon or (the longitudiaal section of) the tusk of an 

elephant. 

Examples in illustration thereof . 

8P In the ease of a field resembling (the circular annulus 
forming) the rim of a wheel, the outer curve is 14 in measure and 
the inner 8 ; and the (breadth in the) middle is 4. (What is the 
area?) What is it in the case of a figure resembling the ores- 
cent moon, and in the case of a figure resembling (the longitudinal 
section of) the task of an elephant (the measures requisite for 

calculation being the same as above) ? 

The rule for arriving at the minutely accurate value of the 
area of a figure forming the interspace included inside four (equal) 

circles (touching each other) : — 

82i. If the minutely accurate measure of the area ot any one 
circle is subtracted from the quantity which forms the square 
of the diameter (of the circle), there results the value of the area 
of the interspace included within four equal circles (touchmg each 

other) » 

A% i'lfl illustTdtioU thBT60j* 

834-. What is the minutely accurate measure of the area of tho 
interspace included within four mutually touching (equal) circles 
whose diameter is 4 (in value) ? 

The rationcle of the rule «iU be clear from the figure below 
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The rule for arriving at the minutely aeourafce value of the 
figure formed in riie interspace caused by three (equal) circular 
figures touching each other :■ — 

84|. The minutely accurate measure of the area of an equila** 
terah trianglej each side of which is equal in measure to the 
diameter (of the circles) is diminished by half the area of any 
of the (three equal) circles. The remainder happens to be the 
measure of the interspace area caused by three (mutually touching 
equal circles). 

An example in ilhistration thereof, 

SSI*. What is the minutely accurate oaieulated value of e 
figure forming the interspace enclosed by three mutually touching 
(equal) circles the diameter (of each) of which is 4 in measure ? 

The rule for arriving at the minutely accurate values of the 
diagonal the perpendicular and the area in the ease of a (regular) 
sL^sided figure 

8(>|. In the case of a (regular) six-sided figure, tie measure 
of the side, the square of the side, the square of the square of the 
side multiplied respectively by 2, 3 and 3 give rise, in that same 
order, to the values of the diagonal, of the square of the perpendi- 
cular, and of the square of the measure of the area. 



36'|. Till© rule seems to contemplate a regular liexagofi. The tormala giten 
for the value of the area of the liejcagon where a is the lerigtli of a side, 

S -t/S 

The correct formula, however, is a ® x ^ 
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exciWipliB in iVMstf&tion thereof . 

871 u the case of a (regular) six-sided figure each side is 2 
«Jiu measure: lu relation to it, what are the squares of the 
raeasures of the diagonal, of the perpendicular and of the minutely 

accurate area of the figure? ^ 

The rule for arriving at the numerical measure of the sum o a 
number of square root quantities as well as of the remainder left 
Z subtracting a number of square root quantities one from 

oTintber in the natural order ; , , , , v 

88i (The square root quantities are all) divided by (such; a 

foommon factor (as will give rise to quotients which arc square 
Lantities). The square roots (of the square quantities so obtwned) 
rCdded togethor, or they are subtracted (one from another mthe 
natural order). The sura and remainder (so obtained) are (both) 
scared and ’then) multiplied (sepai-ately) by the divisor actor 
r lallv used) The square roots (of these resulting products) 
Sve rise to the sum and the (ultimate) difference of the quantities 
Lven in the problem) . Know this to be the process of calculation 
in regard to (all kinds of) square root quantities. 

exarnple in illudration thereof . ^ 

894 0 my friend who know the result of calculations, tell me 
the sum of tl e square roots of the quantities consisting of 6, 36 
fl Tm ; (tell m.) al» lie - 

relatioa to the square roots (of the same qiian i les). 

Thus ends the minutely accurate calculation (of the measure 

'^areas),',- , ^ ' - — 

in staaza 89!; and VIOO" (v'SS- Vl6)- 'l'te®e 

To find tfie -yaUve of V 16 + V ^6 + V lO^anu ^ ‘ __ 

be represented as 4/4 (h/4 + 4 /S^ + 4 /^ 0 ) s ■ V 4 [ J 

: ' ■= 4 /' 4 f 2 + 3+'5’)s' == 4 ^T [ 5 (3 - 2) j . . . , 
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Siiliject of treatmeEt Iceowii as tho Janya operatioE, 

Hereafter we shall give out ih.^ janya operation in calculations 
relating to measiirement of areas. The rule for arriving at a 
loiigish quadrilateral figure with optionally chosen numhers as 
hljas : — 

90f . In the case of the optionally derived longish quadrilateral 
figure the difference between the squares (of the Hija numbers) 
constitutes the nieasuro of the perpendicular'-side, the product (of 
the hlja numbers) multiplied by two becomes the (other) side^ 
and the sum of the squai'cs (of the Ifya numbers) becomes the 
hypotenuse. 

Mccaafples in illustration thereof, 

^ Ol-J. In relation to the geometrical figure to ho derived option* 
allj, 1 and 2 are the bijas to he noted down. Tell (me) quickly 
alter calculation the measurements of the perpendicular-sidej the 
other side and the hp^potenuse. 

92|-. Having noted cIowd, 0 friend, 2 and 3 as the hljas in nala* 
tion to a figure to be optionally derived, give out quick ly, after 
ealoiilating, the measurements of the perpendicalar-sido, the other 
side and the liypotei.ms(3. 

Again another rule for constructing a longish quadrilateral 
figure wnththeaid of numbers denoted by the name of hyaa : — 

93|-. The pjrodnot of the sum and the difference of the hzjm 
forms the measure of the perpenlieular-side. 1 he sankramam of 

non Janita literally moans “arising from” or “apt to bo derived honce 
it refers here fco trilateral and quadrilateral figures that may be derived out of 
certain given data. The operation known as juim/a relates to the fiiuling emt of 
the length of the sides of trilateral and quadrilateral figures to be so derived, 

XH‘}a, US given here, generally happens to be a positive integer. Two soeh 
are invariably given for the derivation of trilateral and cpiadriluteral figures 
dependent on them. 

The ratiouaie of the rule will be clear from the following algebraical 
ropreBontation I— , , ■ , 

If a and I jire the hlja niimhcrs, then a® — is fho measure of the perpendi- 
cular, 2 ab that of the other side, and df.®- +• b® that of the hypotenuse, of an 
oblong. B'rom this it is evident tliat the hljas aJ*e nninbers with the aid of the 
product and the squares whereof, as forming the measures of the sides, a yigbt- 
angled triangle may be constructed, ‘ ' 


21 : 0 ' 
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the squares of that (sum and the difference of the byan) gives rise 
(respeetively) to the measures of the (other) side and of the 
hypotenuse* This also is a process in the operation of (construct- 
ing a geometrical) figure to he derived (from given 


An example in illustration thereof. 

94J. 0 friend, who know the secret of calculation, construct a 
derived figure with the aid of 3 and 5 as hljas^ and then think 
out and mention quickly the numbers measuring the perpendi- 
cular-side, the other side and the hypotenuse (thereof). 

The role for arriving at the hlja numbers relating to a given 
figure capable of being derived (from hljas), 

95J. The operation of sahkramana between (an optionally chosen 
exact) divisor of the measure of the perpendicular-side and the^ 
resulting quotient gives rise to the (required) byas, (An optionally 
chosen exact) divisor of half the measure of the (other) side and 
the resulting quotient (also) form the blfas (required). Those 
(byas) are, (respeetively), the square roots of half the sura and of 
half the difference of the measure of the hypotenuse and the 
square of a (suitably) chosen optional number. 

An example in illustrfdion thereof » 

96f. In relation to a certain geometrical figure, the perpendi- 
cular is 16 : what are the bljas ? Or the other side is 30 : what are 
the hljas? The hypotenuse is 34 : what are they (the hljas) ? 

The rule for arriving at the numerical measures of the other 
side and of the hypotenuse, when the numerical measure of the 
perpendicular-side is known ; for arriving at the numerical 
measures of the perpendioular-side and of the hypotenuse, when 
the numerical measure of the other side is known ; and for arriving 


934. In the rule giren here, —5^, 2 ab, and b®- are represented a« 

I. * B - 5), !• + « 1 


2 “'“'’V ^ 2 

954, The processes mentioned in this rule may he seen to be converse to the 
operations mentioned in 8tan2a 904. 
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at the nnmerioal measure of the perpendicular-side and of the other 
side, when the nunierioal measure of the hypotenuse is known 

97|-. The operation of sankramam^ conducted between (an 
optionally chosen exact) divisoi* of the square of the moasara of 
the perpendicular-side and the resulting quotient, gives rise to the 
measures of the hypotenuse and of the other side (respeetirely). 
Similarly (the same operation of Hahkramam) in relation to the 
square of the measure of the other side (gives rise to the measures 
of the perpendicular-side and of the hypotenuse). Or, the square 
root of the difference between the squares of the hypotenuse and of 
a (suitably chosen) optional number forms, along with that chosen 
number, the perpendieuiar-sido and the other side respectively. 

^ An eooample in ilhiHtration thereof, 

98-|-. In the case of a certain (geometrical) figure, the perpendi- 
cular-side is 11 in measure ; in the case of another figure* the (other) 
side is 60 ; and in the ease of (still) another figure the hypotenuso 
is 61, Tell me in these oases the measures of the unmentioned 
elements. 

The rule regarding the manner of arriving at a quadrilateral 
figure havingf two equal sides (with the aid of the given htjm] : — ■ 

99|-. The perpendieular-side of the primary figure derived (with 
the aid of the given on being added to the perpendicular- 

side (in another figure) derived with the aid of the (two option- 
ally chosen) factors of half the base of (this original) derived 

97|. This rule depends on the following identities : — 

(o“ - 6“) “ 


•{ (a~6)“ 
(2 ahy^ 


[ 

III. Vl 


' db 26 ^ j -7 


2 5 = a* + or 2 a 6 astko cafio may be 


4 - - (2 ahy 


2 ==a^ + or a® — 


995-. Tbe pi^oblem solved in the rala stated in this stanjca is to canatruct with 
the aid of two given hl§as a qaadrilateral having two eqnal sides. The lengths 
ot‘ the sides, of the diagonals, of the perpendicular from the end-points of the top- 
side to the base, and of the segments thereof caused by the perpendionlar are all 
derived from two rectangles oonstr acted with the aid of the given hljas. The 
first of these rectangies is foi*med according to the rale given in sfcanjsa 90 | 
above. The second rectangle is formed according to the same rale from two 
optionally chosen factors of half the length of the base of the hrst rectangle. 


2J2 
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E„k (taken as tie gi.es rise to the measnre ol the base et 

The (required) quadrilateral with two equal sides, ihe d.flerenee 
betwel the measures ot these two perpendreulam) g™ the 
Lp-measuie (of the quadrilateral). Tue smaller of the diagonal, 
(rdating to the two derived figure, already mentioneu) pves the 
measure of (either ot the two equal) sides. Ihe smallei of 
(two) perpeudicular-side. (ill relation to the two derived hgure. 
Jmder r.ferenee) give, the mel^ure ol the (smaller) segment (of the 

base formed by the perp.ndi.ular dropped thereunto from e.lhe 
of the end-points ot the top-side). The larger of t e ( 
diagonals (in relation to the two derived figures of re e.enoel give, 
the measure of the (required) diagonal. The area of the orger (of 
two derived figures of reference) is the area of the (required) 


„ , ... 



taien as Wjas. Hence the first rectangle is called the primary figure in the 

La the first rectangle or the primary figure derived from the Uja, ABC 

A u 

Halt the length of the base in this figure 
is30- B 

aud 10 may be chosen. The rectangle 
oonstraoted with the aid of these numbers 
as tiios is®®'®® • „ 

. ill 1 


To construct the required quadri,latcral 
with two equal sides, one of the two 
triangles into which the first rectangle is 
divided by its diagomd is applied to the yq 
spoond rectangle on one side, and a portion 
equal to the same triangle is removed from 
the same second rectangle on the ^ other 
side, as shown in the figure H A' F C . 









60 
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figure ; and tlxe measure of tlie base (of either of tlio derived 
figures of reference) happens to be the measure of the perpend i» 
oular (dropped to the base from either of the oud-points of tiie 
topside in the required figure). 

An examfle in illustration thereof, 

100-}. In relation to a quadrilateral with two equal sides 
constructed with the aid of 5 and 0 as bljas giro out the 
measures of the top side, of the base, of (either of tho two e(|ual) 
sides, of the perpendicular (from the top to the base), uf the 
diagonal), of the (lesser) segment (of the base), and of the area. 

The rule for arriving at the measures of the top-side, of the 
base, of (any one of) the (equal) sides, of tho perpend ioular (from 
the top to the base), of tho diagonal, of the (lesser) segmentf (of 
the base) and of the area, in relation to a quadrilateral having three 
equal sides (witii the aid of given Injas ) : — 


The process will be clear I'com a eoinparisoLi uf the diagrams 


ganitasaeasangkaha. 


2U 

101|. The difEereuce between the (given) 6i/as is multiplied 
by tbe square root of tbe base (of the quadrilateral immediately 
derived with the aid of those UJas). The area of (this immedi- 
ately) derived (primary) quadrilateral is divided (by the product 
so obtained). Then, with the aid of the resulting quotient and 
the divisor (in the operation utilized as Mjas, a second derived qua- 
drilateral of reference is constructed. A third quadrilateral of 


lOli-. If a and h i-opresenfc tbe given bljas, the measures of the sides of the 
immediately derived quadrilateral are 

Perpendicular-side = a- — ib- 

Base 2a,b 

Diagonal = (j" -f 

Area = 2ab X (a^ — b^) 

As in the case of the construction of the quadrilateral with two equal sides 
(mde stanxa 99^ anie)^ this rule proceeds to construct the required quadrilateral 
with three equal sides with the aid of tw’o derived rectangles. The bJjas in 
relation to the first of these rectangles are : — 

2ab X (a^ - ¥): . ^ 

— =— V2ab x (a + 6), and 4/2ab x (a - 6). 

V2ab X {a - b) 

Applying the rule given in stanza 90| above, we have for the first rec- 
tangle : 

Perpendicular-side == {a + h) ^ x 2ah — (a — &) ^ x 2ah or 8 
Base = 2 X 4/2cLb x (ft + h) x 4 / 2 ^ x (a — h) or 4a& (a® — ¥), 
Diagonal ==: (a + h) ^ x 2ah + (a — ft) ^ x 2a6 or 4a^ (a^ + 5^). 

Tbe hljas in the case of the second rectangle are : a^— b^ and 2ab. 

The various elements of this rectangle are : 

Perpendicular-side = 4a2 ft- — (a^ - ft^)^. ; 

Base = 4a& («2 - ft^); 

Diagonal = 4a- ft2 + (a^ — b^f or {a^ + ft®) 

With the help of these two rectangles, the measures of the sides, diagonals, 
etc., of the required quadrilateral are ascertained as in the rule given in stanza 
99i above. They are ; 

Base = sum of the perpendicular-sides = Sa^ft^ + — (a^ — ft^)^. 

Top-side — greater perpendicular-side minus smaller perpendicular-side 

= Sa=6“ - j = (o2 + 6“)A 

Dither of the lateral sides = smaller diagonal=(«® + ft^j^. 

Lesser segment of the base = smaller perpendicular-side == 4a® 6^ — (a® 
-»ft®)®. 

Perpendicular = base of either rectangle = 4aft (a® — ft®). 

Diagonal = the greater of the two diagonals = 4aft (a® -f ft®). 

Area = area of the larger rectangle == 8a® ft® x 4aft (a® — ft®). 

It may be noted here that the measure either of the two lateral sides is equal 
to the measure of the top-side. Thus is obtained the required quadrilateral wdtli 
three equal sides. 
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reference is further constructed) with the aid of the measurements 
of the base arid the perpend ieular-side (of the immediately derived 
quadrilateral, above referred to, used as bljm. Then, with the aid 
of these two last derived secondary quadrilaterals, all the required) 
quantities appertaining to the quadrilateral with three equal sides 
are (to he obtained) as in the case of the quadrilateral with two 
equal. sides. . . 

Aa examifk in iUmtraiion ih^ 

102-|. In relation to a quadrilateral with three equal sides and 
having 2 and 3 as its give out the measures of the top-side> 
of the base, of (any one of) the (equal) sides, of the perpendicular 
(from theiop to the base), of the diagonal, of the (lesser) segment 
(of the base) and of the area. 

The rule for arriving at the measures of the top-side, of the 
base, of the (lateral) sides, of the perpendiculars (from the ends of 
the top-side to the base), of the diagonals, of the segments (of tlie 
base) and of the area, in relation to a quadrilateral the siiles of 
which are (all) unequal : — 

103'|. With tlie longer and the shorter diagonals (of the two 
derived rectangular quadrilateral figures related to the two sf.*is 


103|. The rule will bo clear from the following algcibraical re|sroseniatiun. 
Let b, and Cj be two sets of given hVjdQ, 'I’hen the various 
oloiuents are as follow ; — 

Lateral skies = b^) atjd (a® — b")(c" + fi")(n “ + Ir ) . 

Base -= 2cd (tt" + lr)(a" 4-b*). 

Top-side = d")(a" + lr){a^ 4*b"). 

Diagonals = | (a*’ — b”) x 2cd 4* (c*'' — d^)2ah | x (a" 4 ?>“,) ; and 
+4a6cdsj x(a^ + l») 

Pei'pfindiCTilars = — b^) x 2ab | x2rtb;<i,Ti<? 

b )(e“-d=) + 4obc(jj x(o=-b=) 

Segments = 

f (a=-b‘) X 2cd + (c“-^®)x2ab ] (o -5=)j and pa*— b “)<£“— 1 “) 
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'2m ' ■ * ^ 

(agaia) by the slioitei ia„o top-side 

measures of the t-wo (un q , •, . ’ t', p^e perpendicular-sides 

(iB-Miontothnrequii.^^ 

(of the derived (so obtained) are added together, 

bases ; and the two pr (relating to the 

ThentotheproductofthtC^^^jp of the bases (of those same 

two figures of (^^0) gums (so obtained), when 

figures of reference) is c ■ ^iaconals (of the two figures 

multiplied by the shor or J (required) diagonals, 

of reference), give ^ ^ ^3 , tbe base and theperpendi- 

oular-side (respectively; of ^be ^ ^ 

a, (ip»ttvdj) l.y the peependt- 

diagonals; , and v . ^ ^ g re of reference) , give rise to 

eular-side (caused hy theperpendi- 

the measures of the se^ ^ segments, when subtracted from 

culars). . The ^.^Iries of the (other) segments 

the ^ ; ;;„aaot of the diagonals (of the reqniied 

„ ah ",) gite. the »-»« of the .«e (e. the 

required figure). 

An examfle in illu&traiion thereof. 

,0«, A(t..fox»h.gt»o derived (rf 

1 „d i .nd 2 »d 3 a. the “..e all' »e„»al, the 

to a quadrilateral figuie^ the 

T;:’diagoa^.:»i 

and of the area. 

, 1 t orriviup- at (the measures of the sides, 

Agaiu another rule for ^ ^ g 

etc., i« relatioB to) a quadrilateral. Ae .idee 
unequal : — 
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105J — 107^. The square of the diagonal of the smaller (of the 
two derived oblongs of reference), as multiplied (separately) by 
the base and also by the perpendicular-side of the larger (oblong 
of reference), gives rise to the measures (respectively) of the base 
and of the top-side (of the required quadrilateral having unequal 
sides). The base and the perpendicular-side of the smaller 
(oblong of reference, each) multiplied successively by the two dia- 
gonals (one of each of the oblongs of reference), give rise to the 
measures (respectively) of the two (lateral) sides (of the required 
quadrilateral). The difference between the base and the perpen- 
dicular-side of the larger (oblong of reference) is in two positions 
(separately) multiplied by the base and by the perpendicular-side 
of the smaller (oblong of reference). The two (resulting) products 
(of this operation) are added (separately) to the product obtained 
by multiplying the sum of the base and the perpondicular-side of 
the smaller (oblong of reference) with the perpendicular-side of ; 
tlie larger (oblong of reference). The two sums (so obtained), 
when multiplied by the diagonal of the smaller (oblong of refer- 
ence), give rise to the values of the two diagonals (of the required 
quadrilateral). The diagonals (of the required qiiaflrilateral) are 
(sepaiMtcly) divideil by the diagonal of tl’ie smaller (oblong of 


Thp iiame values as are raenbioried in the footnote to stanza 
10Si‘ above n re given here for the measures of tbe sides, etc. j only tlioy are 
stated ill a sliglitiy difftn’ent way. Adopting tlio same symbols as in the note to 
stanza 103 Ij, we lirve: — 

Diagonals^ [ 2cd - (<?" - cP) | 2ah -f 1 2c,h + (a" — j - d“)j x + 6^)5 
andj I 2od~(c""-d--) I (a"- b®)+ | j x (a" 

■ . Perxiendiciilars == ■ 

x2aln- 2ffl6 + (o=-b=) I (c=-<?.=)j(tt= + r-) 

_ (SJTPi ' ’ 

[" ( 2cd-{c^ - d“) I (o“ - + ) ( ‘iab + (a® - | (e“ - (J) la= + h'-), 

,„aU: i j 

The above four expreijslons can be reduced to the form in which the measures 
of th’o diagonals and the perpendiculars are given ia stanza No. The 

measures of the segments of the base are here derived hy exiraoting the 
square root of the dilSerence between the squares of the side and of the perpeadi* 
oular corresponding to the segment. , , • , 

. . - 28 - 
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: reference). The, quotients (so obtained) are multiplied respectively 

and the base of the smaller (oblong of 
P reference;. The (resulting) products- give rise to the measures' 
of the .perpendioulars (in relation to the required quadrilateral)." 
To these (two perpendiculars), the above values of the two sides 
(other than the base and the top-side) are (separately) added, (the 
larger side being added to the larger perpendicular and the smaller 
side to the smaller perpendicular). The differences between these 
perpendiculars and sides are also obtained (in the same order). 
The sums (above noted) are multiplied (respectively) by (these) 
differences. The square roots (of the products so obtained) give 
rise to the values of the segments (of the base in relation to the 
required quadrilateral). Half of the product of the diagonals 
(of the required quadrilateral) gives the value of (its) area. 

The rule for arriving at an isosceles triangle with the aid of a 
...single derived oblong (of reference). 

108 -|. The two diagonals (of the oblong of reference con- 
structed with the aid of the given bljas) become the two (equal) 
sides of the (required'? isosceles tiuangle. The base (of the oblong 
of reference), multiplied by becomes the base (of the required 
triangle). The perpendicular-side (of the oblong of reference) is 
the perpendicular (of the required triangle from the apex to the 
base thereof). The area (of the required triangle) is the area (of 
the oblong of reference). 

108-2 . The rationale of the rule may be made out thus : — Let ABCD be au 
oblong and let AD be produced to E so that AD = DE. Join .EC. It will be 
seen that ACE is an isosceles triangle whose equal sides are equal to the diagonals 
of the oblong and whose area is equal to that of the oblong. 



CHAPfEE m AEBAS* 


An emmfk m thereof , 

^ iiiatJieiiwtieiWj- mo cpiekly fiio 
measures of the two (equal) sides^ of the.. Imse and of the per^ 
peuclicmlar in relation to an isoseeles trian,gl 0 derived with tiie aid 
'of 3'"' and 5 as inf as, 

■ The rule regarding the manner of ooiistriieting a trilatora! 
■figure of iincquai sides ' 

■ nO-;!-, Ifaif of the ba^se-. ol the .(oblong of re foreiiee) derived 
(with the aid of the 'given ■ %«.§) is div:ided by an optionally 
cliosen, factor. With the aid of the divisor' and I he c|ootierit (in 
this operat.ioii a,.s another (oblong of reference) is derived. 
•The' sum of the pGiqieii ciiciilar- sides ■belojigi'Bg t-o these two (oblongs 
of reference) gives the measure of the base of the (required) 
trilateral figure ha;vmg 'unequal sides. The two diagonals (related 
to the two oblongs of re.fe,reiieej give t.he two sides (of the required 
triangle).. The .base (of either. -.of the.' twm oblongs of reference) 
gives the measure of the ,perpendiculai’ - (in the ease of the required 
triangle). 

An emmple in illtmiredion: thereof. 

.. 1 , 1 1 1. After 'constructing a second (derived oblong of reference) 
with the aid of half the base of the (original) figure («>, oblong of 
reference) derived with the aid of 2 md 'd m Bja6\ you tell (..me): 
by means of this (operation) the values of the sideSj of the base 
and of the pierpendieular in a trilateral figure of uiiequal sides. 

Thus ' ends the , subject of treatment knowui as, the 
operation. 


llOi. The niie will be clear from the following constniciioc 


jincl EFG-H be the two 
derived oblongs, such that 
'■: the base AD ,.== the lm.s'e ' 

"DH. 'Froclaoe BA, to K bo 
: that AE = .BF. It ean be 
easily shown that DK = , 

IG and that the triangle 
BDE has its base 
BA + EW, called the 
perpondiciilars of the 
oblongs, and has its sides equal to the diagonals of the same oMougs. 


-Let ABCD 
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Suliiect of treatment known as Paisacika or 

as P«?'S«“^“- in relation to the equilateral quadn- 

The tule foi c at the numerical measure 

lateral or when, out of the perpen- 

of the base and ^ the perimeter, any 

dicular side, 1 V ‘ of the figure 

two are option ■ . « multiplying respectively 

happens ^ ' ^ J multipliers any two desired quantities _ (out 
by optionally chi , is-(the rule for arriving 

of the base and the perpendionlar-side in 

atthennmeiic.^^^^^^^^^^^^^^^ ^ longish quadrilateral 

relation to an h figure is (numerically) equal to the 

figure,) ^ \ (thereof) ; or, when the area otthe figure 

measure of the ^ ^ measure of the base (thereof) ; or, when 

Isnnmeri^lld Lre is numerically equal to the measure of the 
the ^ ^hen the area of the figure is numerioally 

diagonal J of the perimeter ; or, when the area of 
equal to half ^ ^ ^o one-third of the base ; or, when 

the g is numerically equal to one-fourth of the 

the area 0 the g of the figure is 

IWeaualto that doubled quantity which is obtained by 
numerically result of adding together twice 

toe S^gCl, too times the base, four times the perpendicular- 

side and the perimeter and so on : 

,12. Tbs ms»««. oi ttb tase (sf ab opMobbDj- sho... «^re 
■ pd ivnel on being divided by the (resulting) optional 
T’ltiof ttosts, (by b,bltiplyi.g witbwhicl. tb. a.b. 

ia stanza 113 vj . q tke numerical value of the area where* 

side of an eilivilateral yevimeter. Taking an equilateral 

of is equal to tke numerical rain S measQre of its side, we 

Thefactorwitkwliicli 
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of tho sfiiM optionally olioscn figure happens to bo arriviMl at) ; 
or the base (of suoh an optionally ohoseii figure of ilie ?ec|!iisito 
type), on being iiniitiplied by the factor with which the area i of 
the said figure) has to be multiplied (to give the required kind of 
result) ; gives rise to the measures ol the bases of the |^ri?qiiiTod) 
equilateral qiiadrijatoral and other kinds of derived figures. 

FaanipJes iv ilkmmlion 

iidh], III the ease of an equilateral quadrilaterai figure, the 
(iimiieiical measiiro of the) perimeter is equal to (that of ) tlii^ area. 
What then is the uunierieal measure of (its) base? In the 
of another similar liguro), the iiumerieal measure of ilii*) area 
is equal to (that of) the base. Tell me in relation to that (figure) 
also (the nnmerical measiire of the base). 

In the case of an equilateral quadrilateral figure, the 
(numerical) measure of the diagonal is equal to {that of) the area. 
What may be the measure of (its) base ? And in the ease of 
another (similar) figure, the (numerical) measure of the perimeter 
is twice that of the area. Tell me (what may be the measure of 
its base). 

115|. Here in the ease of a longish quadrilateral figure, 
the (numerical) measure of the area is equal to that of the 
perimeter I and in the case of another (simihr)| figure, the 
(numerical) measure of the area is equal to that of the diagonal. 
What is the measure of the base (in each of these cases) ? 

116|. In the ease of a certain equilateral quadrilateral figure, 
the (numerical) measure of the base is three times that of the area. 
(In the case of) another equilateral quadrilateral figure, the 
(numciioa]) measure of the diagonal is four times that of the area. 
What is the measure of the base (in each of these cases) ? 

the measara of the porioiotar, Tia, 20, has to ha m-altirlieU in order to mafca ft 
eqml to the measure of tlu3 area, yiz., 25, is f. If 5, the aieasp.ro. of aside of the 
optioiially chosea quadrilateral is dmded by this factor |, the measare of the 
Bide of the required quadrilateral is arrived at. 

The rule gives also in another manner what is practically the same process tlrns ; 
The factor with which the measure .of the area, viss. 25 has to he multiplied in 
order to make it equal to the measure of the perimeter, viz. 20, is If 5, the 
measure of a side of the optionally chosen figure is multiplied by this factor |, the 
measure of the side of the required figure is arrived at. 
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11 7|-. In the case of a loiigish qiaadrilaterai figure, (fiienumeri'- 
cal measures of) twice the diagonal, three times the base and four 
times the perpendicular-side being taken, the measure of the 
perimeter is added to them. Twice (this sum) is the (numerical) 
measure of the area. (Find out the measure of the base.) 

Il8i, In the' ease of a longish quadrilateral figure, the 
(numerical) measure of the perimeter is 1. Tell me quickly, after 
ealculating, what the measure of its perpendienlar side is, and 
w^hat that of the base. 

1191. In the case of a longish quadrilateral figure, the (nume- 
rical measures of twice the diagonal, three times the base, and four 
times the perpendicular, on being added to the (numerical) measure 
of the perimeter, become equal to 1 , (Find out the measure of 
the base.) 

Another rule regarding the process of arriving at the number 
representing the in relation to the derived longish quadri- 
lateral figure : — 

120- |. The operation to arrive at the generating (b^/as) in re- 
lation to a longish quadrilateral figure consists in getting at the 
square roots of the two quantities represented by (1) half of the 
diagonal as diminished bj the perpendicular-side and (2 j the 
difference between this quantity and the diagonal. 

« An eocample in iUmtration thereof. 

121- |. In the case of a longish quadrilateral figure, the per- 
pendicular-side is 55, the base is 48, and then the diagonal is 73. 
What are the hljds here ? 


120|-. The rule in stanza 96 J' of this chapter relates to the method of arriT- 
ing: at the htjaa from the base or the perpendicular cr the diagonal of a longish 
quadriiaterah But the rule in this stanza gives a method for dnding out the 
htjas from the perpendicular and tVie diagonal of a longish quadrilateral. The 
process described is based on the following identities : — 

+ 62 -(a 2 -ba) = i; 

V 2 T U g - — a, 

where a* 4* is the measure of th® diagonal, and 52 measure of the 

perpendicular-side of a longish quadrilateral, a and h being the required hlja$. 
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The rnle for aiTiviiig at the ■ ■.(loEgisli qiiadriiateriil) figiirr! 
assoeiateci with a dmgOEal having a ■ mimerical value optionally 
determined : — . , 

122|% Etaoli of the varions figures that arc deri red with the 
aid of the gmni (%k9) is wndtten dow and by meaiiB (of the 
nieasnre) of its diagonal the (measare of the) given diagonal in 
divided. The perpendioolar-side, the base,, and the diagonal (of 
this figure) as multiplied by the quotient (here) obtained, give rise 
to the perpendieiilar-sidej the base and the diagonal (of the required 
figure). ^ 

An example in iUusimiian thereof. 

123|“-124:j. 0 matliematieian, quie.kly Iningout with tlio aid of 
the given {injas) the (value of the) perpendieixlar-sides andjdie bases 
of the four loiigisli quadrilateral figures that have respectively 1 
and 2, 2 and 3, 4 and 7, and 1 and 8, for their and are also 
characterised by different bases. And, (in the problem) here, the 
diagonal is (in valuo) 6o. Give out (the measures of) wliafe n:ia.y 
be the (required) geometrical figures (in that case). 

The rule for arriving at the numerical values of the base and 
the perjiendicular side of that derived lougish quadrilateral figure, 
the rmnierica] measures of the perimeter as also of the diagonal 
whereof are known : — 

125-|. Multiply the square of the diagonal by two; (from the 
resulting product), subtract the square of ludf tlm porimetar; 
(then) get at the square root (of the rcBulting difference), If (thig 
scjuare root be thereafter) utilized in the perfornianeo of the 

122y aiie i’lile is bas^:sd on the prineiplo that the sides of a right augied 
triangle as the hjpotenase^ although for the same measure of the hypo« 
texiiise there may be different sets of values for the sides, 

I25'|. If a and h represent the sides of a rectangle, then a/ -f* b® ii the 
measwe of the diagonal, and 2a+ 26 is the measure of the perimeten It can 
seen easily that 

+ /f ,-5-2==aiand 


2a + 26 




•}- 2 = 6 * 


These two formulas represent algebraically the method desoribed in the rnle here* 
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oporation of sdflhTG^Mdpci along’ with' half tlio perimotor, tb© 

(required) base and also the perpendicular-side are arrived at. 

A.fi easoumple in illustration thereof . 

The perimeter in this case is 34 5 and the diagonal is 
seen to he 13. &ive out, after calculating, the measures of the 
perpendicular-side and the base in relation to this derived figure. 

The rule for arriving at the numerical values of the base 
and the perpendicular-side when the area of the figure and the value 
of the diagonal are known 

127 1 . Twice the measure of the area is subtracted from the 
square of the diagonal. It is also added to the square of the 
diagonal. The square roots (of the difference and of the sum so 
obtained) give rise to the measures ofthe (required) perpendicular- 
side and the base, if the larger (of the square roots) is made to 
undergo the process oi sahhramam in relation to the smaller 

(square root). 

An examfh in illustration thereof. 

1281. In the case of alongish quadrilateral figure, the measure 
of the area is 60, and the measure of its diagonal is 13. T wish 
to hear (from you) the measures of the perpendicular-side and the 

base. 

The rule for arriving at the numerio.al values of the base and 
the perpendicular-side in relation to a longish quadrilateral 
figure, when the numerical value of the area of the figure and the 
numerical value of the perimeter (thereof) are known 

1291-. From the quantity representing the square of half the 
perimeter, the measure of the area as multiplied hy four is to he 

127f. Adopting the same symbols as in the note to stanza 125J, lYe have the 
following formula to represent the rule here given 

[ ± V |4-3=aor6, 

m the case may he, 

129|. Here we have 

'■ 3(1 + 2i) / / 2a + 26 y ~ 

■ —2 — ±V a— ) - * ; 


2=0 or hf as the case may be. 
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siibtraeterl. Tiionj on ea,rryitig out tliP process cif mMrmU'nja 
witli iihe square root (of this- resulting. clifTerenee) in relatimi to 
half the measure of the peiimeterj- the Takes of the (reqiiirihl) 
base a.iid the perpendieular-side are indeed obtained. 

Au emmple in ilhisiraimn ikereqf, -: ■ 

IiiaderiTcd longish qnadrilatoral ligorcs ike re 
of the perimeter, is 170 ; the nieasnre"' of the giTeii area is 1 />00, 
Tell me the, values of .the perpeiidiea!ar-side ■and the bjisc* (thereof). 

The. rule for arriving ■ at the . respe^rtive pairs of (required) 
loBgish quadrilateral figureSj (1) when the numorioal measures of 
the perimeter are equal, and the area of the first figure is double) 
that of the soeoiid ; or, (2) when the ureas of both tiie figures are 
equal, amd the nunierical measure of the perimeter of the second 
figure is twice the mimerieal measure of that of the first figure ; 
or, (3) (again) when, in relation to the two required figmm, the 
numerical measure of the perimeter of the second figure is twice 
the niimeiieal measure of the perimeter of the first figure, and the 
area of the first figure is twice the area of the second figure 

13l|— 133. (Tlio larger numbers in the given ratios of) the 
perimeters as also (of) the areas (relating to the two required 
longisli quadrilateral figures.) are divided by tlic smaller (Bumbers) 
cjorrespondiiig to them. (The resulting quotients) are multiplied 
(between themselves) and (then) squared. (This same quantity/) 


ISlJ fco 133. If ic and y ropresonfc the two adjacent sulen of the t'lrat 
I'oetang'lej and a and 'h the two adjacent sides of the second i^octangde, the 
conditions mentioned in the three kinds of problems proposed to bo solved hy 
tills rule may be represented thus 

( 1 ) + = 

xy 2at. 

(2) 2(a? + tj) ;=a-i*b : 

xy = ah 

(3) 2 (x'i-y) sss: a -f 6 : 
xy = 2ab, 

The solution given in the rule seems to be correct only for the partloiiUr 
oases given in tli.e problenxs in stanzas X36. 
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Qn bamg multiplied bj the giyen' optional mnltiplierj gives' rise to 
the value' of the perpendicular- side. And in the, 'case in which 
the areas (of the two required figures) are (held to' be) equals 
(this measure of) the perpendieular-side as diminished by one 
becomes the measure of the base. . But, in the other case' (wherein 
the areas of the required figures are not held to be equal), the 
larger (ratio number) relating to the areas is multiplied by the 
given optional multiplier, and (the resulting product is) diminished 
by one. The measure of the perpendicular-side (arrived at as 
above) is diminished by the quantity (thus resulting) and is (then) 
multiplied by t/iree : thus the measure of the base (is arrived at). 
Then, in respect of arriving at the other (of the two required 
quadrilateral figures), its base and perpendicular are to be brought 
out with the aid of the (now knowable) measure of its area and 
perimeter in accordance with the rule already given (in stanza i29|-). 

Exam fles in illufsiration thereof . 

134. There are two (quadrilateral) figures, each of which is 
characterised by unequal length and breadth; and the given 
multiplier is 2. The measure of the area of the first (figure) is 
twice (that of the second), and the two perimeters are equal. 
What are the perpendionlar-sides and the bases here (in this 
problem) ? 

136. There are two longish quadrilateral figures ; and the 
(given) multiplier is also 2. (Their) areas are equal, (but) the 
perimeter of the second (figure) is twice that of the first. (Bind 
out their perpendicular-sides and bases.) 

136. There are two longish quadrilateral figures. The area of 
the first (figure) here is twice (that of the second figure). The 
perimeter of the second (figure) is twice (that of the first). Give 
out the values of their bases and their pei’pendieular-sides. 

The ride for arriving at a pair of isosceles triangles, so that 
the two isosceles triangles are characterised either by the values of 
their perimeters and of their areas being equal to each other, or 
by the values of their perimeters and of their areas forming 
multiples of each other : — 
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1S7* Tiie. squares (of the ratio-Talues) ■■■. of the periiwoters (of 
the re<}i'iired isosceles triangles) are Eiiu.tiplied % (the ratio-values 
of) the areas (of those triangies) in -alt email on. (Of the two 
products so ohtaiiied)^ (the larger one is)' divided hj the sioaller; 
and (the ivsnltiiig qiiotieiB) is' '.multiplied hy sw and (is also 
separately rmiitipliod) hy two. dhio siiiuller (of the two prodiiots 
so obtained) is diminished: hyone. The larger product and the 
diminished smaller product ' eomstitute the .two if/hj (in relation 
to the loiigish quardrilate.ral ligure) from 'whi^ih one (of tlio re- 
quired triangles) ia to be obtained.;- The diftereiiee betxveen these 
(two blfas above .noted) and twice the smaller <j!1g (of those Mjm) 
constitnt© the .iAfas {in relation to the .loiigish quadrilateral figure) 
from which tlie other (required triangle) is to be obtained. (From 
the two loBgish q^uadrilateral fignres.- fo,rined with the aid of their 
respective Bfm)^ the sides and the other things (relating to the 
required d-riangies) are to be arrived at as (explained) before. 


' iS7. When a : 6 is the rcBio of the xiterimeters of the two iBosc«?h's triuaglea, iwul 
ti d the ratio of thoir areas, then, aoeordmg fcothenilo, 3. 

and + 1 and —I-f- — 2 are the two sets of h7jas, with fciic help of which 

' ' a® 'd' .. , 

the val-Jos of the various required dements of the two ifioxocles triang'les may bo 
arrived at. The ojeasures of the sides and the altitudes, calcuhded from these 
Injas aceordiiig to HianssalOBM- in this chaplor, when multiplied re«peclivdy by » 
and 5, (the quantities occurring in the ratio of the perimeters), g-ive the ri'quireti 
measures of the skies and the altitudes of the two isosoeles trianqdes. Tb.ey are 
as follow 

1 Equ'-l side = <. X piy±)-+ (^^-1 ) } 


( Jill 

\ a® d 




&b-c 

Base <= o X 2 X 2 X -jj- x 
Altitude = a X [ ~ ^) ] 


II 


Equal side 
Base sss 5 X 2 
Altitude X 


b X 




d 


Kow it may be easily proved from these valaes that the ratio of the perime* 
tors is o : h, and that of the areas is d : d, as taken for granted at the beginning. 
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Emmples in iUusiration thereof . 

188. ' There are two isosceles triangles. Their area is the same- 
The perimeters are (also) eqnal in Talue. What are the values of 
their sides, and what of their bases ? 

139. There are two' isosceles triangles. The area of the first 
one is twice (that of . the second). The perimeter of both (of them) 
is the same. What are the values of (their) sides, and, what of 
(their) bases ? 

140. There are two isosceles triangles. The perimeter of the 
second (triangle) is twice (that of the first). The areas of the two 
(triangles) are equal. What are the values of (their) sides, and 
what of (their) bases ? 

141. There are two isosceles triangles. The area of the first 
(triangle) is twice (that of the second); and the perimeter of the 
second (triangle) is twice (that of the first). What are the values 
of (their) sides, and what of (their) bases ? 

The rule for arriving at an equilateral quadrilateral figure, or 
for arriving at a regular circular figure, or for arriving at an equila- 
teral triangular figure, or for arriving at a longish quadrilateral 
figure, with the aid of the numerical value of the proportionate 
part of a given suitable thing (from among these), when any 
optionally chosen number from among the (natural) numbers, 
starting with one^ kw, &e., and going beyond calculation, is made 
to give the numerical measure of that proportionate part of that 
given suitable thing : — 

142. The (given measure of the) area (of the proportionate part) 
is divided by the (appropriately) simiiarised measure of the part 
held (in the hand). The quotient (so obtained), if multiplied by 
four^ gives rise to the measure of the breadth of the circle and 

14<2, In problems of the kind gi'ven under this rule, a circle, or a square, or 
an equilateral triangle, or an oblong is divided into a desired number of equal parts, 
each part being bounded on one side by a portion of the perimeter and bearing 
the same proportion to the toial area of the figure as the portion of the perimeter 
bears to the perimeter as a whole. It wdll be seen that in the case of a 
circle each part is a sector, in the case of a square and an oblong it is a rectangle, 
and in the case of an equilateral triangle it is a triangle. The area of each part 
and the length of the original perimeter contained in each part are both of given 
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(ako) of the square. (That same) qmfiieat, if maltiplied by w, 
gives rise to.tlio required uieastire of the base of the (eqnilatoral) 
triangle as also of the longish quadrilateral figure* Hal! (of 
this) is the measure of the pei’pendieular-side (in the case of the 
longish quadrilateral::.flgiire)*. ■ 

An eaxmiph in ilhidraiion thereof , 

14;J-“I45. A king caused to bo dropped an excellent carpet on 
the floor of (his) palace in the inner apartments of ’his zenanti 
amidst the ladies of his harem. That (carpet) was (in shape) a 
regular circle. It was held (in hand) })y those ladies. I.lie list- 
fuls of both their arms made ■each (of them) acquire 15 [damim imt 
of the total area of the carpet). How many are the ladieSy and 
what is the diameter (of the circle) here F Wliat are the sides of 
the square (if that same carpet be square in shape) ? and what the 


magoitade. The stanisa stiatos a vale for hndmg oat; the measure of the diameter 
of the circle, or of the sicios of the square, or the ecjuilaterai triangle vv the oblong. 
If m rei3rosei)fcs the area of each part ajul n the length of a jau’t of the total 
periniotor, the formiUas given in the rule are— 

m ' . . ■ ■ 

X 4 =: diameter of the circle, or side of the square j 


X C = side of the equilateral tidangle or of the oblong 


and half of — x 6 = the length of the per]JOudicalar-Nide in the case of tki^ 
oblong. 

The rationale will be clear from tiie following erjuationH, whore, a: re- 
presents the number of parts into which ouch Lig-aru is divided, a is tlie hmgtli of 
the radius in the case of the circle, or the length of a side in t he case of the 
other ligures ; and h is the vertical side of the oblong : 

In the case of the Circle = !L^L- . 

■ sa X n 2-7r 

X X m as 

In the case of the Square * 


In the case of the Equilateral Triangle 


In the case of fclie Oblong — = — ; — ^ ; here h in taken io Imj equal 

^ X K n 2 ( a 4 h) ’ 

to half of a. 

It has to be noted that only the approximate value of the area of the equilateral 
triangle, as given in stanna ^ of this chapter, is adopted here. Otherwfge the 
formula given in the rule will not hold good. 

143-1 1 5. What is called /st/aUn this problem is equivalent to four m)guia^ 
in measure!. ' • - 
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sides of the equilateral triangle (if it be equilateral! y triangular 
ia shape)? ' Tell (me), Oiriend, the measures of the perpendicular 
side md the base, in (case the carpet happens to be) a longish 
■ quadrilateral figure (in shape). 

The rule for arriving at an equilaterally quadrilateral figure or 
at a longish quadrilateral figure when the numerical value of the 
area of the figure is known : — 

146. The square root of the accurate measure of the (given) 
area gives rise to the value of the side of the (required) equilateral 
quadrilateral figure. On dividing the (given) area with an option- 
ally chosen quantity (other than the square root of the value of 
the given area, this) optionally chosen quantity and the resulting 
quotient constitute the values of the perpendicular- side and the 
base in relation to the (required) longish quadrilateral figure. 

An example in illustration thereof. 

147. What indeed is that equilateral quadrilateral figure, the 
area whereof is 64 ? The accurate value of the area of the longish 
(quadrilateral) figure is 60. What are the values of the perpen- 
dieular-side and the base here ? 

The rule for arriving at a quadrilateral figure with two equal 
sides having the given area of such a quadrilateral figure with 
two equal sides, after getting at a derived longisli quadrilateral 
figure with the aid of the given numerical blja^ and also after 
utilising a given number as the required multiplier, when the 
numerical value of the accurate measure of the area of the required 
quadrilateral figure with two equal sides is known : — 

148. The square of the given (multiplier; is multiplied by the 
that (given) area. The (resulting) product is diminished by 
the value of the area (of the longish quadrilateral figure) derived 
(from the given bljas). The remainder, when divided by the base 

148. Tile xA’obleni here is to ooBsfcruot. a qiiadnlateral figure of given ai'ea and 
with two equal sides. For this purpose an optionally chosen number and a set of 
two ave gi^'Cn. The process described in the rule will become clear by 
applying it to the problem given in the next stanza. The mentioned 

therein are % and 3 j and the given area is 7, the given optiorsal number being 3. 




(of this derived loiigish qaadrilateral figure), gives rise to the 
measure of the top-side. The value of the perpeadioiihir-side (of 
the derived loiigish quadrilateral figure), oa being multiplied by 
two and increased by the value of tdie top-aide (alr(?adj arrived 
at), gives rise to the value of the base. The value of the base (of 
the derived loiigish quadrilatoral iigure) is (the same as that 


: 63. Frotiji rtda 63, 


The fu‘SL v/o have t.o do is to construct a u’ith th,« aid oi 

the j^i'vea h'jdff in accordanuc \Yjth 
the role laid down in sta-nau. ui 
this chapter. That reetjing'lo comes 
to have '5 for the measure of its 
smaller sidc-j 12 for the measure of 
its larger side. an.d 13 for t’ne 
measure of its diagonal ; and its 
area is GO in value. Now the area 
gi vein in the problem is to be multi- ^ 
plied by the square of the given 
optional nuiuber in the problem, so that wo obtain 7 x 3- 
we have to subtract GO, which is 
the measure of the area of tbo ;i 
rectangle ooDstructed on the b.asia 
of the given ; and tins gives 3 
as the remainder. Then tl’.o thing 

to be clone is to construct a rectangle, the area whereuHs equal to this 3, and. 
one of the sides is equal to the longer side ^ 

of the r*ectangle derived from the same •*' 

hijas. Since this longer side is ccpial to 12 
in value, the smaller side oi' the reciuirod 
rectangle has to be :1- in value as shown 
iu the figure hero. Them the two triangles, 
into which the rectangle dex-ived from the 
hijas may be split up by its diagonal 
arc added one on each side to this last 
I'cctangle, so that the sides measuring 12 
in the case of those triangles coincide 
with the sides of the rectangle having 
12 as their measure. The figure h.ere 
exhibits the operation, 

Thu sin the end we get tlie quad:rilatei’a| 
figure having t-wo ecjual sides, each of 
w’hich measures IS, the value of the other 
two sides being and lOf respectively, 

From this the values of the sides of 

the quadrilateral required ii> the problem may be obtained by dividing liy the 
given optional number namely 3, the values of its aides represented by K|, I, 13 
and lOK 
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of) the perpendicular dropped' (from the ends of dhe top-side) ; 
and the diagonals (of the derived longish quadrilateral figure) are 
(equal in value to) the sides. These (elements of the quadrila- 
teral figure with two equal sides arrived at in this manner) have 
to be divided by the .given multiplier (noted above to arrive at 
at the required quadrilateral figure with two equal sides). 

An esGample in illiiBtration thereof , 

149. The accurate value of the (given) area is 7 ; the optional 
given multiplier is 3 ; and the hljas are seen to be 2 and S. Grive 
oui the values of the two sides of a quadrilateral figure wdth two 
equal sides and of its top-side, base, and perpendicular. 

The rule for arriving at a quadrilateral figure with three 
equal sides, having an accurately measured given area^, (with the 
aid of a given multiplier) : — 

150. The square of the value of the (given) area is divided by 
tbe cube of the given (multiplier). (Then) the given (multiplier) 
is added (to the resulting quotient). Half (of the sum so obtained) 
gives the measure (of one) of the (equal) sides. The given 


150. It is stated ia tlie rale liere bkat the given area when divided by tho 
given optional number gives rise to the 
value of the perpendicular in relation 
to the required figure. As the area is 
equal to the product of the perpendi- 
cular and half the sum of the base and 
the top-side, the given optional number 
represents the measure of half the sum 
of the base and the top-side. If 
A BCD be a quadrilateral w'ith three 
equal sides, and CEl the perpendicular 
from 0 on AB, then AE is half the 
sum of AD and BO, and is equal to the 
given optional number. It can be 
easily shown that 2 AD, AE ;=: OE^ + 



AD = 


■ 0SlShAB^_:Cg«';::,;AE. 

SAB'^ 2 ■ 


OW 

AES 


+ AE 


(OEx AE)' 


4-AE. 


2AS 


Here 0,E x AE the given area of the quadrilateral. This last formula 
happens to be wdiat is given in the rule for finding out any of the three equal 
skies of the quadrilateral contemplated in the problem. 




152. Tlie a,rea of a quacMIateral wifch miequal sides iu»s already ijoew rueu- 
tioBed to 'bo .1 — half the yerlBicdw, md 

Uf h c, and d are the measures of the sides {zide note to stanza *50 in this eiiepttn*). 
The rule Imre given requires that the mim,erical vales e of the arssa should be 
squared and then divided separately by the four optionally chosen divisors. If 
(k — a) (^~d) is divhled by f oar suitably chosen divisors so as to 

give as ciuotioiitB a -a, s-h, s-c, and s-d, 'then op adding these quotiemts and 
halving their sum, the result is mm to he.'s , ' If s is diminished In order by 
s-.a., 5 -C), i‘«c, and s-d, the remainders represent respectively the values of the 
sides of tiie quadrilateral with unequal sides. ' ' _ • ' . ■ '' ' 
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(iciTiltiplier) m iiiultii)lied hy hm and (Mien) diminished lyy t<he 
value of the side (jiLst' arrived at) gives rise to the value of the 
top-side. And the (^jiven) area duiied bv the given fiiiiililplior) 
gives rise to the value of the perjseiidiciilar (droppf^d troiii. tho 
ends of the lop-side) in rektioa to this required quadrilatoml figure 
with three equal skies. 


Am emmipk in 

151. Ill' the case of a certain quadrilateral figure with three 
equal sith^Sj the accurate value of the area is tiO. The given 
multiplier is 8. Give out the values of tho base, of tlie sides, of 
the top-side and of the perpendicular. 

Ihie rule for amviiig at the numerical measiiros of the top- . 
side, of the base, and of the (other) sides in reluiion to a qimdrila- 
teral figure having unequal sides, with the aid of 4 given divisors, 
when the accurate value of the area (of the required quadrilateral 
figure) is known 

152. The square of the given area is divided (sepamtoly) by 
the four given divisors; (and the four resulting quotients are 
separately noted down). Half of tho sum of itiiese) quotiiuits 
is (noted down) in four positions, and is (in order) diiiiioiBlied 
(respeotively) .by ■ those- . (quotients .noted down above). ■ The ^ 
roinaiiidera (so obtained) give rise to the numerical values of the 
sides of a quadrilateral figure (having unequal sides and conse- 
quently; named ^ ufieqi?.al.’ 
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153 *- 153 |^. In the the ease of a quadrilateral figure with iiaequal 

sides, the (given) accurate measure of the area is 90. And the 
product of 5 multiplied by 9, as multiplied by 1.0, 18, 20 and 
36 respectively, gives rise to the (four given) divisors. Tell me 
(juiokly, after oalculatiug, the numerical values of the top-side, the 
base and (other) sides. 

The rule for arriving at the numerical value of the sides 
of an equilateral triangular figure possessing a given accurately 
measured area, when the value of (tliat) accurately measured area 
is known : — 

154|-. Pour times the (given) area is squared. (The resulting 
quantity) is divided by 3. The quotient (so) obtained^ happens 
to he the square of the squwe of the value of the side of an 
equilateral triangular figure. 

An example in iUustratim thereof. 

155|. In the case of a certain equilateral triangular figure, 
the given area is only 3. Calculate and tell me the value of (its) 
side. 

After knowing the exact numerical measure of a (given) 
area, the rule for arriving at the numerical values of the sides, 
the base and the perpendicular of an isosceles triangular figure 
having that same accurately measured area (as its own) : — 

156J. In the case of the isosceles triangle (to he so) construc- 
ted, the square root of the sum of the squai-es of the quotient 
obtained by dividing the (given) area by an optionally chosen 
quantity, as also of (that) optionally chosen quantity, gives rise 
to the value of the side; twice the optionally chosen quan- 
tity gives the measure of the base ; and the area divided by 

164s^. The rule here giTen may be seen to be derived from the formula for 
the area o£ an equilateral triangle, viz., area=a® ^ f ^ 

measure of a side. 

156.^. In problems of the kind contemplated in this rule, the measure of the 
' area of an isosceles triangle is given, and the value of half the base chosen at 
option is also given. The measures of the perpendicular and the side are then 
easily derived from these known quantities. 
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WIibu tbo area aiifl the base of a triangrle arc K*veii, the loc-us of tho vortex 
is a line parallel to the base, anil the sides can have any sot ol valuoa. In order 
to arrive at a spaoiRf set of values for tiie sides, it is eviclonliy assumod hero 
that tho sum of the two aides is eijua! to the sum of the base iiud twice tlio 

altitude, i.e., ciinal to 4+ With this assumption, the formula above ' 
a a-7**^ 

.riven for the measure of the sides can be derived from tho geum-al formula for 
the area of tho triangle, sJ^on in atansa 60 of thi« 

chapter. ' 


the c>|'tionaHv clioson cjiitmtily gives rise to the measure of 1'1ic3 
pcrpGiidicular« 

Jji. ecmmpk in illusimfmt tkeymf. 

!57iv lo the ease of an isosceles tria-iigalar hgiirejt.he accurate 
ineasurenient tho area is 12, The optionally chosen 
is cL Give oiito'|iiickly, O iineuilj the values of (its) shies, base, 
and porpeiidionlar. 

Ihie rule for arrivingy after Iniowing the o^saet iinmetifiil 
measuro of a (given) area-s triangular ligtiro with iineqoal 
sides, having tlia-t same aceiirately ineasiirecl area (as its own) 

I58|;, The givori area is multiplied by eight . and to the 
resulting product the squaro of the optionally chosen t|naniitT is 
added. Then tho scpiare root (of the sum so resulting is obtaiiiod)* 
The cube (ol: this s^juare root) is (thereafter) divided by the option- 
ally chosen number and (also) by the square root (obtained as above). 
Half of tho optionally chosen number gives the measure of the 
base (of the required triangle). The quotient (obtained in the 
pravioiis operation) is lessened (in value) by the (iriea-siire of this) 
bsbse, (Tiic resulting quantity) is to be used in carryitig out tho 
sahJcraniiwa process in relation to the square of the optionally 
chosen quantity as divided by two as well as the square root 
(mentioned above). (Thus) the values of the sides are ^arrived at. 

. 15 SC/. rf A reprtistmts the area ot‘ a trian«-lr., and d is tho eptioaaHy ehonen 
nvuiibet, then aocardirsg to fchc rule the i*equir(^d values arc? obtained thus ; 

d 

2” ““tmse ; : 

( a/ s a ^ 

<J a/SA+I® '2 2 V 
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An example in illustration thereof, 

i 594. .Ill; the case of a certain triangular figiiro with unequal 
sides^' it has been pointed out that 2 constitutes the accurate 
.measure of its area and 3 is the optionally oliosen quantity. 
What is the value of the base as well as of the sides {of that 
triangle.)?' , 

Again, another rule for arriving, after knowing the exact 
numerical measure of a (given) area, at a triangular figure with 
unequal sides having that same (accurately measured) area (as its 
own) : — , , ' 

I60|~l6i'|-, The square root of the measure of the . given area 
as multiplied by eight mi. as increased by the square of an option- 
ally chosen number is obtained. This and the optionally chosen 
number are divided by each other. The larger (of these quotients) 
is diminished by half of the smaller (quotient). The remainder 
(thus obtained) and (this) half of the smaller (quotient) are 
respectively multiplied by the abovemoted square root and the 
optionally chosen number. On carrying out, in relation to the 
products (thus obtained), the process of sahkramana, the values 
of the base and of one of the sides are arrived at. Half of the 
optionally chosen number happens to be the measure of the other 
side in a triangular figure with unequal sides. 

An example in illustration thereof , 

1621-. In the case of a triangle with unequal sides, tlie accurate 
measure of the area is 2, and the optionally chosen quantity is 3. 
0 friend who know the secret of calculation, give out the measure 
of the base as well as of the sides. 

The rule for arriving, after knowing the accurate measure of 
a (given) area, at a xegularl37 circular figure having that accurately 
measured area (as its own) : — - 

163|-. The accurate measure of the area is multiplied by four 
and is divided by the square root of ten. On getting at the square 

3 ?' 

163i. irhc in this stanza is deriyed from the formula, area = ^ x 
where d is tbo diameter of the circle. 
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root (of the quoHeiit resulting the value of tlie diameter 

happens to result. Tii relation to a regular circular figure, tlie 
iiieasiifG of the area and the eirermiferenee are to lie iiiiifle out! is-k 
explained before. 

An eMmpIe in ilimimihm thereof. 

Ill ilio case of a regular eireiilar fignrej the aeenrafn 
measure of ilio firea lui.s liccn pointed out to }m h, Caleulafc 
c|rdcdd}' and tell mo what Iho diameter of this (circle) may bo. 

On knowing the approximate measure as well as the aeeurate 
measure of an area^ the rule for arriving at a (]uadd lateral figure 
with two ec| ual sides as well as at a. quadrilateral figm-e with three 
equal sides,, Inwing those same approximate and aeeurate measures 
(as stich measures of their areas) 

165 |-. In the case of (the quadrilateral with) two equal sides > 
the square root of tlie difference between the squares of 'the 
(approximate and accurate) measures of the area is to ha olitaiiied. 
On adding (this square root) to the optionally chosen quarility and 
on suhtraeting (the same square root from the same optionally 
chosen quantity), the base and the top-side are so obtained as to 
have to he divided hj the squaremnoi of the optional quantity. 
The approximate measure of the area gives rise to the value of the 
sides so as to have to he divided by the square root of the optional 
quantity. 

105|‘. If U represenf^s apijroximate area of a (piadvilateral with two oqiial 
sides, and r the acearate value thereof, and p is the optiomilij cHoveii niiniber, 

then ■■ , ■ / ■ . 

V S'* r- + ;p _ P - V . 

base = — " ^ j k)p-sido eaeh of the 


equal sides If «, h, c and d bo the measures of the aides of 

Vf' ^ . , 

the quadrilateral with two equal sides, e 

then it may bo scon that 
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■ ease of (tlie 'q-uadrilateralfigiire witb). three equal sides, 

tie squareroot (of the difference between the two area-squares above 
noted) ds added to the approximate measure of the area, ■ (On 
treating the resulting sam ssthe optional quantity and) on, adding 
and suhtraetiiig (the said square root as before), the base and the 
top-side are obtained so as to have to be divided hj the square root 
of (such) optional quantity. (Here also), the approximate ineas,iire 
of the area, on being divided by the square root of (this) optional 
quantity, gi res rise to the measure of the other sides., ' 

An example in illustration ihereoj. 

166|% The accurate measure of the area is 5 ; the approximate 
measure of the area is 18 ; and the optionally chosen quantity is 16. 
Wliat are the values of the base, the top-side, and the (other) side 
in the ease of a quadrilateral figure with two equal sides ? 

xin example relating to a quadrilateral figure uith three 
equal sides. 

167J. The accurate measure of the area is 5 ; and the approxi- 
mate measure of the area is 13. Think out and tell me, 0 friend, 
the values of the sides of the quadrilateral figure with three 
equal sides. 

The rule for arriving, when the approximate and the accu- 
rate measures of an area are known, at the equilateral triangle and 
also at the diameter of the circle, having those same approximate 
and accurate measures (for their area) ; — 

i68'g-. That which happens to he the square root of the square 
root of the difference between the squares of the (approximate 
measure and of the accurate measure of the given) area is to be 


B , J, = (L^)^ and r = '-±1 . 

Tiie formulas given above for the base and the top-side can be easily verified 
by sabs tit u ting these values of n, and therein. Similarly the rule may be 
seeii to bold good in the case also of a quadrilateral figure with three equal sides. 

16B|. S’or the approximate and accurate values of an equilateral triangle see 
rules 'ia 'Stanzas 7 and 50 of ’this chapter,' ' ■ * 
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multiplied by iim. The result is the meiistire of tlie side in the 
(required) equilateral triangle. It is also the measure of tlie 
diameter of the (required) regnkr eirole. 

EmmpIeB iu ill mind ion f hereof. 

1(»9L The appruximat(5 area m 1^. The at'ea rate area in the 
square root of 3'^ as miiltiplioii by 9. Tell nay 0 friend, alU'r 
calciilatiiigy the iBeasuremeiit of the (required) eqidlatenii triai!glf\ 

. 170-|. The aeeiirate iiieasrire (of tlio mvn) is dio square rout of 
6,250. The approximate measiire (of the aiTUi)::is '75, What is ilie 
measure of tlie clia meter of the circle (having such areas) ? 

When the piticdlcallj ' approximalcT and the aeoiirafely crdoii- 
dated ' measures of an area are known, the ro,k* for amving* at the 
Biiinerioal values of the base and the side of an isosceles fcriimglo 
having the same approximate and accurate measures for its area 

I?!!-. Twdee the square root of the ditlbrence hetw^ceii the 
squares of the (approximate and the accurate) measuros of the 
area is to be taken as the base of a (certain isosceles) triangle ; 
and the given approximate measure (of the area) is to be taken as 
the value of one of the equal sides. And on dividing (these 
values of the base and the side) by the square root of half (the 
above derived value) of the base, (the required lueasiircs of the 
base and the side of the required isosceles triangle are obtained). 
This is, the rule' in relation to -the isosceles triangle. ' 

An eivamjple in illuetrotion thereof 

172|-. It is pointed out that here, in this ease, the accurate 
measure of the area is 60, and the approximate' measure is 65. 
Tell me, 0 Mend, after calculation, the numerical measure of the 
sides of the (required ) isosceles triangle. 

An optioxial number and a quadrilateral' figure with two equal 
sides being given, the rule for arriving at the numerical v^Tlues of 
the base, and the top-side, and the (other) aides of another quacM- . 
lateral figure (with two equal sides) whioh has anaeoumte measure 
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of area. : equal to the aconrate measure of the, area of. the ..given, 
quaclrilateral .figure. with -two 'equal sides 

17 S-|% ,If the square of the value of the perpendicular, (in the' 
grnrn quadrilateral figure with two equal sides) is used along with 
the given optional number in, carrying out the process of , waMa-' 
then.t^^^ larger (of the two results obtained) becomes 
the moasiire of either of the equal sides (in the required quadri- 
lateral figure with two equal sides). Half of the sum of the values 
of the top* side and the base (in the given quadrilateral figure with 
two equal sides) = on being respectively increased and decreased by 
the Biiialler (of the two results in the vimraasaiilramana process 
above-mentioned), gives rise to the values of the base and the 
top“»side in the (required) quadrilateral figure with two equal sides. 


i73|. The problem ooBteraplated in this riile is to construct a quadrilateral 
’ivith twD equal sides that shall he equal in area to a given quadrilateral with 
two equal sides and shall also have the same perpendicular distance from the top- 
side to the base. Let a and c be the equal sides of the .given quadrilateral, and h 
and d bo tVie top side and the base tbereoi" respectively ; and let the value of the 
perpeudicnlar distance be p. If ai, 6i, di, be taken to be the corresponding 
sides of the required quadrilateral, then, since the area and the perpendicular 
are the same in tlie case of both the quadrilaterals, we have, 

di + l)i = d + 6(1) : 

and (II) : 


that is, 1 + 


d. 


h 




?!+ .T 


F 



d, orb,; an 


Here JV is what is called f S’ or the optionally given number in the rule, and 
forimiias III and IV are those that are given in the rule for the solution of the 
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An example in illmtratkm thereof, 

174'J. Tlie base (of the given quadrilateral IlgaiH}) is 14 ; eaoli ol 
the (two equal) sides is 13 ; the top-side is 4-; the perpeiklicailar h 
12; aiid t-lie opticmally given number is 10. What is that other 
qiiadrilatoral figure with two equal sides^ the aamrato measure (of 
the area) of whieli is the same as (the aoenrate measure «)f) tJic^ 
area of (this given qiiadrilaieral) ? 

When an a.rea with a given praetieall}' approximate measure 
is divitied into any required niiiiiber of partsj the rule for 
arriving at the nmiiorioal measure of tlie bases of tliose various' 
parts of the quadrilateral figure with two equal sides, m also at 
the iiimierical measure of the sides as measured from the va-rioiis 
divisiompoints thereof^ the iiiimerieal measure of the praeiieally 
approximate value of the area of the quadrilateral figure 'with Uvo 
equal sides being given : — • 

175|. The difference between the squares of the (luimoricjal) 
values of the base and the top-side (of the given quadrilateral 
figure 'with rivo equal sides) is divided by the total value of the 
(required) proportionate parts. By the quotient (so obtained), 


l7o|. If ABGD be a qiiadriluteral wit-U two equal sides, and if EV' 
KL divide the ((uadsilateral so that the divided portions A h 
are in th.e proportion of qw, h, pandtj in respect / 

of area, tlien accord i-n<’< to the rule, / m 




and so on. 


p.-t 


m + n i” p + it ^ 


Similarly AS 


mi + EF 


and so on. 


It can be easily shown that 
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tlie ratio values of t!ie (various) parts* are (respeetivel)7) multiplied 
' To. eacli'of the products (so obtained),, tlie square of the measure' 
,:of the top-side (of the given figure) is added. The .square .root 
(of the sum so obtained) gives rise to the value of the 'base (of 
'.'each of the parts). The area (of each part divided, by half; the, 
sum of the values " of the., base and the. top-side (there.o.f) gives in 
(the requisite) order the value of the perpendicular (which for 
purposes of approximate measurement is treated as the side). 

Examples in illmtration thereof. 


176|-, The measure of the top-side is given to be 7 ; that of 
the base below is 23, and that of each of the (remaining) sides is 
30. The area (ineiiidcd within such a figure) is divided between 
two so that each obtains one (share). What is the value of the 
base (to be found out here) ? 

177J~178-|. The measure of the base (of a quadrilateral with 
two equal sides) is 162, and that of the top-side (thereof) is seen 
to be 1 8. The vakre of each of the (two equal) sides is 400. The 
area of this (figure so enclosed) is divided among 4 men. The 
parts obtained by the men are (in the proportion of) 1, 2, 3, 
and 4 respectively. Give out, in accordance with this propor- 
tionate distribution, the values of the area, of the base, and (of 
either) of the (two equal) sides (in each ease)* 

179^. The measure of the base (of the given quadrilateral 
figure) is 80, that of the top-side is 40 ; the measure (of either) of 


,* ‘ */AM' {m ,,+ A.,D,) , ■ . AD^"- * 

p AB(BC+AB) m + n -h p + g ^ 

, .lE';(E.E::¥A'f)),: .m' ■■ ’ 




/ B 


■A.B^ 
I'A Df '' 


m -h % p q , 


and n F = ^ 


m Hh 


■h p -h q 


X m + 5^' 


d- - ¥ 

w 4* -I- p + q ^ 

Similarly tlie other formulas may also he verified. 

* Although the text simply states that the quotient has to be multiplied by 
the value of the parts, what is intended: is that the quotient has to be multiplied 
by the number representing the value of the pai'tsup to the top- side in each case. 

That is, in the figure on the previous page, to arrive at GH, for instance, 
— 6” 

— T'q multiplied by m + n and not by n merely. 
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tlio (tA¥o erfual) sides is 4 x 60. Tbe share parts are {in tlio 
pcopertioii of) 3, 8^ and 5. (Find out the values of the areas, the 
bases, and the sides of the required parts). 

Ill the case of two pillars of kTiown height, two strings arc 
tierl, one to tlie top of each. Each of these two stiiugs is strotdiod 
ill the form ol: a hvpoteause so as to touch the foot of the other 
pillar, or so as to go beyond the other pillar anil touch (the 
groinid). From tlie point where the two hypotenuse strings 
meet, another string is suspended (perpendicularly } till (it tonuhcBj 
the ground. The measure of this (last) string goes hy the name 
mttarmahinibiika or the inner porpciidieiilar. The line starting 
on either side from the point where (this) perpendicular string 
touches (the ground) and going to the points where the (above- 
iiiciitioned) hypotenuse strings touch the ground has the name 
oidMdlm^ or the segment o I the base. The rule for amving at 
the values of such inner perpendicular and (such) segments of the 
base 

1801. The nicasurcnient of each of the pillars is divided by 
the measurement of the base covering the length between the 
(foot of the pillar) and the (point of contact of the ii\ 2 X}teniiso) 
string (with the ground). Each of the quotients (so obtained) is 


IHOl. If a aiirl h represent the 
heiglit <y£ the pilhirs in tlio diagraui, 
c the distfiiice between the twe pilla 
ra, and m and ?! she respective dist- 
anices of the pillars from the point 
where the string strcjcehed from the 
top of the other pillar nieois the 
earth, tlien, according to the rule, 


Ci 


r 

- c + w 



. a (c in) + b (g >h n) ‘ 


a (c + m) + h ( <■' + 'jQ 


, . , 1 X (c w + ?l)} Cz — f - 

(<? + m) (c +* w; j l<; 


+ b { € + 11) 1 : where Ci und Cg are segments of 

(c + w) j ^ 


(c -j- m) 
the base as a whole 5 and p 


; Cj X 


, or c$ X 


where p w the meaa» 


c +• m ' " 

nre of the inner perpendicular. From a consideration of the similar triangles 

e + « ...and 

P o 


ia the diagram it may be seen that 

p 
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..(tlieii); divided^by fclieir sum. Tlie'(res-uiting) quotients,, on being,:' 
multiplied by the measure of the base (as a whole) give rise ho the, 
'(respective basal) se,gmerLts. These (measui’es of the segments 
respectively) multiplied in the inverse order by the quotients', 
(obtained in the first instance as above), give rise (in each case) to 
the value of the inner perpendicular. 

Examples in illrntration thereof * 

(The given) pillars axe 16 hastas in height. The base 
(covering the length between the points where the strings touch 
the ground) is pointed out to be 16 hastas, Give out, in this 
ease, the numerical value of the segments of the base aod also of 
the inner perpendicular. 

182'|*. The height of one pillar is 36 hastas ; that of the second 
is 20 hastas. The length of the base-line is 12 hastas. What is 
the measure of the (basal) segments and what of the (inner) 
perpendicular? 

183^-1 84|. (The two pillars are) 12 and 15 (respeet- 

ively) ; the measure of the interval between the two pillars is 
4 hastas. From the top of the pillar of 12 hastas a string is 
stretched so as to cover 4 hastas (along the basal line) beyond the 
foot of the other pillar. From the top of (this) other pillar 
(■which is 15 hastas in height) a string is (similarly) stretched so 
as to cover 1 hasta, (along the basal line) beyond the foot (of the 
pillar of 12 hastas in height). What is the measure of the (basal) 
segments here, and what of the inner perpendicular ? 

185-|. (In the case of a quadrilateral with two equal sides), 
each of the two sides is 13 hastas in measure. The base here is 14 


From these rafc JOS we get-~-= 

cz b (c + u) 

a {c 4" m) 


« (c *»* w) + h{c + *ii') ’ 


Cl =? 


Bimilarly Cg = • and Cg 

a(c + m) + h(c + 'W.) 


a{Q-¥ m) (c 4 w 4- «>) . 
a;(c + w) +h(c4-n) 

<2/ . . h 


, or Cl X - 


cf'K'" * c -hm. 

185^. Here a quadrilateral with two equal sides is given ; in the next stanza 
a quadrilateral with three equal sides, and in the one next to it a quadiii9.teral 
with unequal sides are given. In all these cases the diagonals oi the qaadri- 
lateral have to be first found out in accordance with the s’ule given in stanisa 
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and the top-side is 4 /maim. What, is the iiieaaiire of the 
(basal) segiiiofits (caused by til© inueT perpeiidiciilar) and whnl 
of the inner perpendienlar \itself) ? 

188'|. Ill tlie ease of the (qitaclrilaiera]) fignru aboYcMiionf iened, 
the measures of the tfp-skle and the base are ©aeli to be taken to 
bo less by ,1 kasia* From flio top of each of the two pe;rpf*iicli*- 
Giila,.rs 5 a string is stre.tched so as to reach the foot pd’ tie » other 
perpendicular). Ton give out the ineasr^res of the iiiiior pcrpeinii- 
cnlar and, of the basal segiiieiits (caiis.eG- thereby)./ 

: ■ ■ (In the case of a (juadrilateral with imecpial strh-s), fuii‘ 

:side is 13, kasias in measure ; the opposite si.de is ,, 15 kmim ; : fim.. 
top-side' is 7 hmim; and the 'base here is- 21 hadas .’What' are,, 
the ¥aliie,s of' the inner perpendicular and of. th©' bas'al,, sog'ineir 
(caused thereby) ?. ' 

, i88-|—189|, .There is , an- 'ecpJlateral cjuadrilaieral itgiirep 
measuring 20 hmtm at the side. From the four angles of that 


¥11*54, and tlion the moafiiircus of tlio perpendicalarii fmm tlio csrids of Use 0 >|j* 
side to 'the,bas€ as also t',!ie jaioasjiires of the of { ho ha ho eajised bj 

those perpendiculars have to he arrivod at hy ilto apjdioatioii of 1 ia‘ ruh* i,d‘vui 
.in ,sta«s5a ¥11.49, Then taking these iueahiiit's of the perpeadh 'ulai'K to bo 
those o,t' the pillars, ihti rule given lu stanaa- ISO-V abeve hs applied r.oarn\'ea4 tho 
measures of tlie inucr perpendicular and the hasad 8 e*giiH'iil.s (aiused Ihertjhy. 
Tiiepu'oblem given, in siaui^a 1S7J, is ho\v<.'ver 'uauked in a slightly d i fieri ‘ii t w <13 in 
the Kanarese eonimonkuy. 4 'he top-side is supposed to be parallel to the ha, so, 
and the measures td’ the perpeinUcidar and <»f the basal hcgpuents caused there- 
by are arrived at by cunshi‘ii(nJng a triangle ■'^vhose sif,ii('H are the two sides ef iho 
tliuidrilafceral, and wTiose base is equal to tire dlilei'oriCe beUvecn ihe babe and ibe 


top-side of the quadrilateral. 

lS8p~lB9|. The figure contemplated 
In this problem sooms to be this:--- 
The inner perpendiculars referred to 
herein are Gfl and KL. To liiu! out 
these, EE is first* deter mined. FEl, ac- 
eordiug to the commoutary, is said to he 
equal to 

_ [dm»+de- 

, y ,2 , , , 

Then with FE and BO or AD taken as 
pillars, the rule under reference may 
be applied. 


=+aD3ar}- 
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(figure) strings are stretched out so. as to reach the middle point of 
the (opposite) sides, (this heiiig done) in respect of all the four sides. 

' What may be the measure of each of the strings so stretched out ? 

interior of such (a quadrilateral figure with strings so 
: stretehed out), wliat maybe the value of the (inner) per pend ioiilar 
./ .and of the basal segments (caused thei'eby) ? 

The measure of the height of the pillar is known. For some 
reason or other that pillar gets broken and (the upper part of the 
broken pillar) falls (to the ground, the lower end of the broken off 
part, however, remaining in contact with the top of the low'er 
part). Then the basal distance between the foot of the pillar and 
its top (now on the ground) is ascertained, And (here is) the 
rule for arri\dng at tlie numerical value of the measure of the 
remaining part of the pillar measured from, its foot : — 

]90-|. The half of the difference between the square of the 
total height and the sipiare of the (known) measure of the basal 
distance, when divided by the total height, gives rise to the 
measure of what remains unbroken. What is left thereafter (out 
of the total height) is the measure of the broken part. 

'Examples in illmtraUon thereof. 

191 J. The height of a pillar is 25 hastas. It is broken some^ 
where between (the top and the foot). The distance between 
the (fulleii) top (on the floor) and the foot of the pillar is 5 hastas. 
How far away (from the foot) is it (viz., the pillar) broken ? 


190i-. If A B 0 is a rig-lifc-angled triangle, ‘iiid 
if ilie xiieasnres of AC aodof ilie sum of AB and 
BO are given, then AB and BC caa be found out 
from the fact that B0“ = AJB^ AO^. The for- 
mula given in the rule is 

and this can be easily pi’oved to be true from 
the above equality. 






0 
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; / 192|. There are ^^49 Ass to/ in /the, mea's-urement.;,:of 'the height: 
of„a , bamboo: (as it is' growing):. / , It is brokim' Soniew^iere 4:^ 

(the' top .and .the .bottom). , The distance .'(between :,the;.' fallC'E /top , 
oii/the ioor' 'and. the,, .bottom of^ the, bam is 21 iwslm* How 
far a.way /(from theToot) is it broken ? 4' ' ' ' /,.^^: ///,:-/t 

1931-~195-|. The heiglit .of a .certain tree is 20 hasfm. A 
.certain, 'man '..seated , on tlio, top (of 'it) ' .threw, down a fruit,' thereo:!' 
along ',:a path f o:rmi.iig. a !',:',ijpoten.iise., , Then .anotlie'r . ma'ii st'a:i:idi.ng .. 
' St .the. foot, of 'the tree' went towards that fruit .taking a -path repre*. 
'',senti,ng .the other side , (i.e.,V the 'base of the triangle, in. the sitoation) 
/ancl:..reeeived 'that fruit. The „suni of. the .distances tra'^elled by... 
that fruit and this man, turned' out. to be bO- hast as. What, is .the 
ii!ime.rioal value of the by pote.niise representing the path 0,1 .that"' 
. fruit ? W.ha.t may be the measure of ..the other side. repr,es,ent.ing''' 
the path of '.the man who. was at the foot. of-the'tree/r. 

The/ miinerical value (of the height) of a taller pillar as also the 
. numerical value {of the height) of -a shorter .-pillar -iS' known./ :' ^The; 
niimerioal value (of the lengtli) of the intervening space between 
the .tw.o .pillars' iS',,also k'iiow'.n.. . 'The taller -(.of '.'the': two pillars)/ gets . 
broken and falls ■ so ■ .that the .top thererif ■ :.'res:t's. on ..the 
shorter pillar^ (tlie other end of the broken hit of the taller pillar 
being in contact with the top of the remaining portion tliereo,!}. 
And now the rule for arriving at the numerical value (of the 
length) of the broken part of the taller pillar as also at the nimieri- 
cal value (of the height) of the remaining part (of the same taller 
'...pillar).: — ,. . 

196J. From the square of (the numerical measure of) the 
taller (pillar), the sum of the square of the measure of the shorter 


196v, If a represents Uie of the taller pillar 

and h that, of the shorter pillax’, c the length of the ixxter- 
voning space between them, and Ci the height of the 
standing* portion of the broken pillar, then, according to' 
the x'ule, 
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(pillar) and tlie square of tliat of tke ■ base is,' subtracted. Half (of 
the resulting remainder) is- '' divided ■ by the diflerence . between 
(the measures of) the two pillars. The quotient gives rise to the 
measure of the height (of the standing part) of -the broken 
(pillar). ^ 

An example in ilhislration thereof, 

197|. One pillar is 5 hadm iu height similarly another pillar, 
which is the taller, is 23 hastas (in height). The (length of the) 
iiiterveiiiiig space (between the -pillars) is- 12 haetas , . '' The top of the 
broken taller (pillar) falls on to.the top of the other (pillar). (Find 
out the height of the standing part .-of the broken taller pillar.) 

Taking two-thirds of the nninerical 'value of the vertical side 
of a longish quad ri lateral as the height of a mountain, the 
rule for arriving, with the aid of the; numerical value of the height 
of that mountain, at the numerical values'- of .- the ' horizontal side 
and of the diagonal of that longish 'quadrilateral:—-., : 

198|-. Twice the height of the .mountain is, the measure of the 
distance between the (foot of the) mountain and the city (ther^e). 
Half (the height) of the mountain is the measure (of the distance) 
of the upward flight in the sky. The diagonal is arrived at on 
adding together half the height of the mountain and the distance 
(of the city from the foot of the mountain). 

An example in illustration ihe^^eof 

199|'-200|. On a mountain having a height of 6 yofanas there 
were 2 ascetics. One of them went walking on foot. The other 

B 

199|'"-200^. If in the marginal figure, a 
represents the lieight of the laoimtainj h 
the distanoe of the city from tUe foot of ® 
the mouniam, and c the length, of the 
hypotenuse course, then a is, according 
to the supposition made in the preamble 
to the rule in 198|, § of the side AB. 

Therefore the heiglit of the flight upwards 

EB., is ‘I a ... I' A 

h 

As the courses of the two ascetics are equal, 

C -f- |.’<X sss a 4* h ; c a 4* 5 ,,, II 

.*% c‘^ =s= I# 4* b® 4 ab. 

But 0 ^ = 4 W ; ah .% 6 = 2a ... ... HI 

The three formulas marked I, II. and III above are those given In the rule. 
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was eapablo of naoriag iii the sky. This asoetie flew up and then 
came down to the city taking the hypotoiinse course. The otlnn* 
ascetic doseernied frooi the siuinnit (v'Crfcically) to the foot of the 
mountain (and walked along) to tho city. (It was found that) 
both of them had travel! oil over the same distance. (What is) the 
distaiieo of the city (from the foot of the mountain) aiiti what the 
height of the flight upwards ? 

In an area roprcsoiitabie by a (suspended) swing (and its 
vertical supports resting on the groxriid), the measures of the 
heights of either two pillars or two hill-tops are taken to bo the 
measiiros of the horizontal sides of two longish quadrilateral figures. 
Tlien, (with the aid of these known horizontal sides and) in 
relation to the base line either between the two hills or between 
the two pillarSj (as the case may be) ^ the values of the two segments 
(caused by the meeting point of the perpendicular) arc arrived at. 
These two segments are written down in the inverse order. The 
values of the two segments so %vritteu down in the inverse order 
are taken to be the values of the two perpendicular sides of the 
two longish quadrilaterai figures. And, now, tlie rule for arriving 
at tlie equal numerical value of the diagonals of those (two longish 
quadrilateral figures) 

20l|-'203-|. In relation to a figure representable by a (sus- 
pended) swing (and its vertical supports resting on the ground), 
the measures of the heights of either two pillars or two iiills are 
taken to bo tlie measures of the two sides of a triangle. Then, in 
relation to the value of the base (line) enclosed between those two 


y 201|““203|'. In the two qnadriinterals 

/ of the kind contemplated in this nile, let 
y the vertical sides be represented by a, h ; 

h let the base be c ; and let bo its seg- 

ments and I tbe length of tacli of the 
eqtiO;! portions of the rope. 
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sides (wMoli lias to be the same, in ■'value as the base line between,, 
the given pillars or Mils), the segments (of the base caused by. the 
meeting' of the perpendicular from the vertex with the ,base) are.^ 
■ arrived at in accordance with the rule laid down already. If the 
values, of. these (segments) are written down in the inverse order,,' 
they become the values of the two perpendicular sides of the two 
longish quadrilaterals in the required operation. Then, in accord- 
ance with the rule given already, the values of the diagonals 
of the two longish quadrilateral figures may be arrived at with 
the aid of the values of those two sides (of the triangle above 
mentioned which are taken here as the two horizontal sides of 
the longish quadrilateral) and of those two perpendicular sides. 
These (diagonals) are of equal numerical value. 

Examples in illusiration thereof . 

204-1-205. One pillar is 13 Qiastae in height). The other is 
15 (hastae in height). The intervening distance (between them) 
is 14 (hastas), A rope (having its two ends) tied to the tops (of 
these two pillars) hangs down so as to touch the ground (some 
where between the two pillars). What are the values of the 
two segments, (so caused, of the base-line between the pillars) ? 
The two (hanging) parts of the rope are (in their length) of equal 
numerical value. Give out also the rope-measure. 

206-207’|. The height of (one) hill is 22 (yojanas). That of 
another hill is 18 {yojanas). The intervening space between the 
two hills is 20 {ydfanas in length). There stand two religious 
mendicants, (one) on the top of each, who can move along the 
sky. For the purpose of begging (their food), they (came down 


(C2 + Cl) (Cg — Cl) = • and Ci -{- Cgrs c ; 

4* C.-; ■„-■ ■-.. c— — : 



These values are obviously those of the segments of the base c of a triangle 
having the sides^a and 5, the segments having been causecl by the perpendicular 
from the vertex. This is what is stated in this rnie. ¥id& rule given in stanza 



t!ie number of days token to go i-braugb the bypofeeiuise eoiirsej 
‘ates of journey of the two men, and the number of days taken in 
varcls. This follows from the under mentioned equation which in 
) data given in the problem : 

;=s: d® 4* (aj+d)® X a® 


throiighi ihc sky and) mot in tke city there (between the liillfi) ; and 
it tnnied out that they had travelled (along the skj^) over et|iial 
distances. (Under tliese eiimimstanees), of what numerical value 
were the sogmeiiis (of the basal line between the tw^iliilb) ? Of 
what values 0 you who know calculation, is the iinmerienl mcasirre 
of the equal distance l-raTcIled in this (area) representable by a 
(nispended) swing. 

208|--2(i9b. The lieiglit of one hill is 20 yi>j%nm ; and Bimi* 
larij 5 thot of another (bill) is 24 yajanm. The intervening space 
between them is 22 yojimm (in length). Two mendicants, who 
stayed on the tops of these two hills, (one on each), «iiid wore 
able to move through the sky, came down, for the purpose of 
bogging their food, to tho city situated between, those (two hills), 
and were found to have travelled (along the sky) over equal 
distances. What is the measure (of tho length) of the intervening 
space between that (eity) in the middle and the hills (on either 
side). 

d'he rule for arriving at the value of the number of days 
required for the me^eting together of two persons moving with 
unequal speed along a eortrse representable by (the boundary of) 
a triangle consisting of (three) imoquril sides : — 

21()'|. The sum of the squares (of the numerical values) of 
the daily speeds (of the twm men) is divided by tho difference 
between the squares of the values of (those same) daily speeds, 
dlie quotient (so obtainod) is multiplied by the number of days 
spent (by ne of the men) in travelling northwards (before tra- 
velling to tho south-east to meet the other man). The meeting 
together of (these) two men takes place at the end of the number 
of days measured by this produot. 

210|. The coorse contemplated here i» that along the sides of a right angled 
triangle. The formula given in the rule, il’ algebraictilly represented, is 
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213 1* Let ABC3 be a triangle inscribed 
in adi elcj AD the diameter thereof, and BE 
the perpendicular on, AO. Join BD. IJiTow 
the triangles ABD and BEO are similar. 

■ AB : AD=:BE : BO ■ ' 

ABxBO 


This is the formula given in fclie rule A 
ior the diameter of a circle circumscribed 
aboat a. quadrilateral or a triangle. 
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An erecmple in illmiration thereof. 

The man who travels to the east:. moves' 'at t 
rate '. or 2 y6jcmaB {d. day) ; and the other man who travels, north- 
wmiB .moves at the rate of 3 yojanas (a day). This (latter mam.) 
iia'viiig thus moved on for 6 ..days turns to move along the hypo- 
tenuse. In how many days will he meet the (other) man ? Both 
(of them) move out at the same time, and the number of days 
spent (by both of them) in journeying out is the same* 

The rule for arriving at the numerical value of the diameters 
of circles described about the eight kinds of figures consisting 
of the ‘five kinds of quadrilateral figures and the three kinds of 
triangular figures (already mentioned) : — 

21o-|-. In the case of a quadrilateral figure, the value of the 
diagonal (thereof), divided by that of the perpendicular, and (then) 
multiplied by that of the lateral side, gives rise to the value of the 
diameter of the ci reams crihed circle. In the case of a trilateral 
figure, the product of the values of the two sides (other than the 
base) divided by the value of the perpendicular (gives rise to the 
required diameter of the circumscribed circle). 


Examples in illustration thereof. 

214-^. In the ease of an equilateral quadrilateral figure having 
3 as the measure of each of (its) sides, and also in the case of 
another (quadrilateral figure) of which the vertical side measures 5 
and the horizontal side measures 12, what is the measure (of the 
diameter) of the circumscribed circle ? 
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2i5|. l^Iie hvo lateral Bides are (each) 13 m ineasiiro ; Iho top- 
side is 4 ; and the base is said to be 14 in measure. In this ease, 
wliat maj be the diameter of the eircle described about (such) a 
quadrilateral figure with two equal sides ? 

2]6|-. The top-side and the (two) lateral sidoKS are each. 25 in 
measure. The base is 39 io mcasm^e. Tell me (here) the loeasiiro 
of the diameter of the olrek described o-bout such a quadrilateral 
figure Ai/ith three equal sides. 

2i7|-. One of the lateral siclos is 39 iu measure; the other 
lateral side is 52 in measure ; the base is 6(1 and the top-side is 25. 
Ill relation to this (quadrilateral fig}ire )5 what is the value of the 
diameter (of the eiroiiiiiscribed circle) ? 

2i8-|. The measure of the side or an equilateral triangle is 6 ; 
and that of an isosceles triangle is 13, the base (hi this case) being 
10 in measure. Give out what the values are of the diameters of 
the circles described about those triangles. 

219|. In the case of a triangle with unequal shies tlio two 
sides are 15 and IS in measuro; the base is 14. Tell mo the 
value of the diameter of the cirole'clesoribed about it. ■. 

220^J. If jou know the paikaiM (processes, of cahmlation)^ tell 
me after thinking well what may be the value of the diajnetcr of 
the circle described about a (regular) six-sided figttrcliaviug.'2 'as'' 
the measure of each of (its) sides. 

The rule for arriving at the iminerical values of tlie of 
the top-side and the (other) sides of the eight (diifereiit) kinds of 
figures beginning with the square, which arc insciibod in a- 
regular circular figore having a diameter of known numerical 
value 

221|. The value of the given diameter (of the circle) is divided 
by the value of tlie (hypothetically) arrived diameter of the 
oirole (described about a-n optionally chosen figure bo'loiiging to 

220L Tiie Eanarese coai^nentary on this stan'Kift works oat this iiroblom by 
pointing out tliat the diagonal of a regular liexagou is equal to the diameter of 
the circumscribed circle. 

221|. The rule follows ^ ^riatter of coarse from ,tbe similarity of the 
required and the optiouallj figures. ^ ^ ■ 


m. 
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the specified variety).: The values ef the 'sides (of .this, optionally 
chosen figure) should be multiplied by the resulting quotient 
(arrived at as mentioned above). Thus, the nuinerioal , values of 
the sides of the figure produced (in the given eirole) are deduced. 

Ijxamjpks in illustration thereof , 

222^. The diameter of a circular figure is IS. 0 friend, 
think out well and tell me the (various measurements relating to 
the) eight different kinds of figures begimiing with the square 
which are (inscribed) in this (circle). 

The rule for arriving at the value of the diameter of the 
circular figure inscribed within the various (kinds of quadriiateral 
and trilateral) figures mentioned before, with the exception of the 
longish quadrilat era-1 figure, when the accurate measure of the 
area and the numerical value of the perimeter are known in 
relation to (those same) quadrilateral and other figures : — 

223 The (known) accurate measure of the area of any of the 
figures other than the longish quadrilateral figure should be 
divided by a quarter of the numerical value of the perimeter (of 
that figure). The result is pointed out to be the diameter of the 
circle inscribed within that figure. 

JExamples in illustration thereof 

224|. Having drawn the inscribed circle in relation to the 
already specified figures beginning with the square, 0 you who 
know the secret of calculation, give out now (the value of the 
diameter of each such inscribed circle)* 


223i. If s represents the sum of the sides, and cE the diaireter of the 
inscribed circle, and A the area of the quadrilateral or the triangle in which the 
circle is inscribed, then 



Hence the forintila given in the rule = 
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WitMii the (known) imiiierical measure of tlie diameter of a 
regular circles aiij kiiowii. numher being - tahen as the measure of 
an aiTOWs the rule for, arriving at the numerical value of the 
string (of the how) having an arrow of that same measure:*— 

225|> The ditfereiioe between (the given value of) the diameter 
and (the known velue of) t ho arrow is multiplied by four times 
the value of the arrow. ■ Whatever 'is the ■Si|uare root (of the 
rosiiltiiig prodaet)j that the wise' man slmiild;. inunt out 1^^ bo the 
(required) measaro of tho string (of the bow). 

An e^amph in iihMmfiou thereof] 

226|. The diameter of tho circle is 10', It is cut off by 2. 0- 

mathematician; give oot, after calculating woll, what may be tho 
string (of the bow) in relation to (that) cut off portion (of the given 
diameter)* 

The role for arriving at the immerioal value of the arrow- 
line, when the numerical value of the diameter of a (given) 
regular circle and the value of a bow-string line (in relation fo 
that circle) are (both,) known :-~ 

227'|-. That which happens to be the square root of tho 
difference between the squares of the (known) valnes of tho 
diameter and the bow-string line (relating to the given eirole) — 
that has to be subtracted from the value of the diameter. Half 
of tho (resulting) remainder should be understood to give (the 
required value of) the arrow-line. 

An example in illustration thereof. 

228|-. The diameter of the (given) circle is 10 in measure* 
Moreover, the bow-string line inside is known to be 8 in measure* 
Grive out, 0 friend, what the value of the arrow-line may be in 
relation to that (bow-string). 


22S|, The rwles given ia alanKas 2B5|, BBOj tmU 2Sl|r are ail based on 
til© fact that in a circle the rectangles coataiued by the segments of two 
iDtetseofeing chords are eqaaL 
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Therale for arriving at vtheiiumerieal value of .’the' diameter 
of .a {given) circle when ..the. numerical values of the (related) 
bow-string line and the arrow line are known 

229|r* The quantity representing the square of the value of 
the how-string line is divided by the value of the .arrow Hue as 
iiniltiplied by four. Then -the value of' the: arrow line is' added 
(to the resulting quotient). . .What is so obtained is , pointed out 
to be the measure of the breadth of the regular circle measured 
through the centre. ... ■ 

An example in illmlration thereof, 

23(}-|. In the ease of a regular eirciilar figure, it is known 
that the arrow line is 2 dandas in measure, and the bow-string 
line % dandm, . What may be the value of the diameter in respect 
of this (circle) ? 

When two regular circles out each other, there arises a fish- 
shaped figure. In relation to that fish-shaped figure, the line 
going from the mouth to the tail (thereof) should be drawn. 
With the aid of this line, there will come into existence the 
outlines of two bows applied to each other face to face. The 
line drawn from the mouth to the tail (of the fish-figure) happens 
to be itself the bow-string line in relation to both these bows. 
The two arrow lines in relation to both these bows are themselves 
to be understood as forming the two arrow lines connected with 
the mutually overlapping circles. And the rule here is to ainive 
at the values of the annw lines connected with the overlapping 
portion when two regular circles cut each other : — 

231|-. With the aid of the values of the two diameters (of 
the two eutting circles) as diminished by the value of (the 
greatest breadth of) the overlapped portion (of the circles), the 
operation of praksepaha slmuld be carried out in relation to this 
(known) value of (the greatest breadth of) the overlapped portion 
(of the circles). The two results (so obtained) are in the matter 

2Sl|. The problem here contoraplated Biiaj be seen to have been also 
solved by Iryabhata, and tbe rule given by him coincides with the one under 
reference here. 
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of (siicli) circles pointed out to be the Takies, eacii of tlic otlier, 
measiirini^ tlio two arrow lines related to the overlapping (oircles). 

An emnipk in iUtmiraiion thereof. 

232|. In relation to two circles whose extent is measured by 
(diameters of) S2 and 80 hmfm (in value), the (grea.iest In-oridth 
of the coiniiion) oveilapping portion is 8 kmfm\ Give out what 
the values of the arrow lines, as related respectively to those two 
(circles), are (here). 

Thus ciicLs the soetioii treating of devilishijr difficult pro})! ijins. 

Thus ends the sixth subject of treatment, known, as 
Calculations regarding Areas, in Sarasaigraha, a work 
on arithmetic hy MaliiviraCarya, 
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CHAPTER VIII. 

OALOULATIONS EEGAEDINe EXOAVATlONS'v ■ ' 

,1. T ill religioiis devotion with my head (bent downwards), 
to Jina Vardhamanaj whose foot-stool is honoured by the crowns 
worn by all the chief gods, who is omniscient, ever-enduring, 
unthinlrable, and infinite in form, and is (further) like the young 
(rising) snn in relation to the lotus-lakes representing the good 
and worthy people that are his devotees. 

2. I shall now give out the (throe) varieties of harinantiha ^ 
amd^aphcda^ and mkmnaphala (in relation to eseavations), "which 
varieties are all derived from those various kinds of geometrical 
figures, mentioned before, as results obtained by multiplying them 
by (quantities measuring) depth. This seventh subject of treat- 
ment is the subject of excavations. 

A stanza regarding the conventional assumption (implied in 
this chapter) : — 

3. The quantity of earth required to fill an excavation mea- 
suring one cubic hasta is 3,200 palas. From that (same cubic 
volume of excavation) 3,600 paJas (of earth) may he taken out. 

The rule for arriving at the cubical contents of excavations : — 

4. Area multiplied by depth gives rise to the approximate 
measure of the cubical contents in a regular excavation. The 
sums of (all the various) top dimensions with the corresponding 
bottom dimensions are halved ; and then (these halved quantities of 
the same denomination are all added, and their sum is) divided by 
the number of the said (halved quantities). Siieh.is the junoess of 
arriving at the average equivalent value. 

2. The term Aundra in is rather strange Sanskrit and is 

perhaps related to the Hindi word meaning ^ deep.’ 

3. The idea in this stanza evidently is that one cubic hasta of compressed earth 
weighs 3,600 paias, while 3,200 jpaias of earth are sufficient to fill looselj the 
8 pace of 1 cubic hasta. 

4. The latter half of this stanza evidently gives the process by which we 
may arrive at the dimensions of a regular excavation fairly equivalent to any 
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MrdtmphH in illudraiion thereof, 

5. In relation to (an equilateral) quadrilateral area (ropresoiif*. 
ing the sootitjii of a regular excavatioii)^ the sides and the depth 
arc 8 lifisfas (eaeli in measure). In respoei of this regular excava- 
tion, what may bo the valuB of the cubical contents hero? 

0. Ill relation to an (oi|iii]ateival) triangular area, (reproseutrag 
the section of a regular cx(3avation), the sides are 32 had>ts each, 
and ill the depth there are louiid 36 hmtm and i\ cdnjulas. What is 
the calculation (of the eon tents) here ? 

7. In relation to a. (regular) circular area representing (the 
section of) a regular oxeavation, the diameter is 108 hmtm^ and the 
depth (of tho excavation) is 1G5 hmim, (Now), give out what the 
cubical contents are. 

8. In relation to a longish cjuadrilateral area, (forming tho 
section) of a regular exeavationj the breadth is 26 the 

side (measuring the length) is 60 hastas and the depth (of the ex- 
cavation) is 108 hadas. Quickly give oat (the cubical contents of 
this regular excavation). 

The rule for arriviug at the accurate value of the culncal 
contents in the ealculation relating to oxeavationsj after knowing 
the result designated karmmdka as well as the result designated 
awvlra ^nd with the aid of these results : — 

9-1 1-^-. Tho valoGB of the base and the other sides of the iiguro 
representing the top sectional area arc added rospectivelj to the 
values of the base and the corresponding sides of tho figure 
representing the bottom sectional area. The (several) sums (so 
arrived at) are divided bj the number of the sectional areas taken 
into consideration (in the problem). The (resulting) quantities are 

Tbo figures dealt, witli in this rulo are' truncated pyrainidH with 
rectangular or triangular bases, or truncated cones all of which huTe to bo 
oonceiTed m turned upside down. The rule deals with three dllferent. kinds 
of measures of the cubical contents of excavations. Of these, two, vias., tho 
and Jun^ra measures give only the approximate valuoa of the 
contents. The accurate measure is calculated with tho -help of those yaluoi. 
If K represents the Karmintika^fha>la and A represents the 

A , , , y 

then the accurate measure is said to be equal to — ^ ^ ie., | K + | A, 
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Multiplied with, each other '(^'S.required^ by the rules bearing upon 
the finding out of areas wdien the values of the sides are known). 
The area (so arrived at), when multiplied by the depth, gives rise 
: to the cubical measure designated the harmdntika result,. In the 
■ease of those same figures representing the top sectional , area and,,, 
the bottom sectional area, the value of the area of (each of) these 
figures is (separately) arrived at. . The area values, (so obtained)' 
are added together and then divided by the number of (sectional) 
areas (taken into con si deration). Tbe quotient (so obtained) is 
multiplied by the value of the depth. This gives rise to (the 
cubical measure designated) the amidra result. If one-third of 
the difference between these two results is ad<3ed to the karmdntllm 
result, it indeed becomes the accurate value (of the required cubical 
contents). 

^mri^ples in illudration ikereo 

12|^. There is a well whose (sectional) area happens to be an 
equilateral quadrilateral. The value (of each of the sides) of the 
top (sectional area) is 20 {hastas)^ and that (of each of the sides) 
of the bottom (sectional area) is only 16 {hadas). The depth is 9 
(hastas), 0 you w'ho know calculation, tell me quickly w^hat the 
cubical measure here is. 

18|-. There is a well W'hose* (sectional) area happens to he an 
equilateral triangular figure. The value (of each of the sides) of 
the top (sectional area) is 20 (hastas), and that (of each of the 
sides) of the bottom (sectional area) is 16 ; the depth is 9 (hadas). 
What is the value of the kannantika cubical measure, of the 


If a and h be tlic nocaBnres of a side of the top and bottom surfaces rospeotiyely of 
a truncated pvi'amid with a. square base, it can be easily shown that the accuj'ate 
measure of the cubical contents is equal to + 5^ + ah\ where ?i/ is the 

heiji’lit of the truncated p^^'am-id. The formula giyen in the rule for the accurate 
measure of the cubical contents may be verified to be the same as this with the 
help of the following values for the KarmB-ntika and Aundra results given in the 

^ y X hi . _ « “ + 6 ' 


X 


Similar verifications may be arrived at in the case of truncated pyramids 
having an equilateral triangle or a rectangle for the base, and also in the case 

.of truncated cones. , 
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aimira cubical lueasure, and of the accurate cubical me s sure 
here?"' 

14^. There is a well whose (seeiioiial) area happeiis to ht^ 
regularly circular. The (tliamoter of the) to]> (sedioBal area) is 
20 dandas^ and that of the bottom (seetionai area) is onlj' 1 G 
dmidm. The depth is 12 dmidaM, What may be the birmmdika^ 
the aundra^ and the accurjite eubicaJ measures here ? 

15-T 111 relation to (an cxcaration whoso seotional area liappmis 
to he) a longisli quadrilateral figure (Le.. oltlong), the length at tlit! 
top is 6f) (hasias)^ the lu’cadth is 12 ; at the buttonij these 

are (respectively) half (of what they measure at the top). The 
depth is 8 (hasias). What is the eiibieal measure here ‘t 

16|-. (Hero is another well of the samo kind), the lengths (of 
whose sectional areas) at the top, at the middle, and at the bottom 
are (respoetively) Oih 80, and 70 (kadas), and the breadths are 
(respectively) 32, 16j and 10 hmtas. This is 7 {hmtas) in depth. 
(Find out the required cubical measure,} 

17|-. In relation to (an excavation whose sectional area happens 
to be) a regular circle, the diametor at the mouth is 60 in 

the middle 30 {hadaB)^ and at the bottom 15 {hmim). The depth 
is 16 hastas. What is the calculated result giving its cubical 
measure ? 

1 8|-. In relation to (an excavation whoso sectional area happens 
to be) a triangle, each of the three sides measures 80 hmlm at the 
top, 60 haBtcbB in the middle, and 50 hastas at the bottom. The 
depth is 9 hastas. What is the calculated result giving its cubical 
contents;? .■ 

The rule for arriving at the value of the cubical contents of a 
ditch, as also for arriving at the value of the eubical contents 
of an excavation, having in the middle (of it) a tapering pro- 
jection (of solid earth) : — 

19|"*20|-. The breadth (of the central mass) increased by the 
top-breadth of the surrounding ditch, and (then) multiplied by 

10|-”20|. These staiszas deal with the measurement of the cubic con, tents of 
a ditch round a central mass of earth of any shape. The central 

mass may be in section a square, a recta ngle^ an equilateral triangle, or a circle j 
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three, gives rise to the value of the (required) periiBeter in the 
ease of triangular and circular' excavations. In the case of a 
quadrilateral excavation, (this same value of the required |Deri» 
meter results) by multiplying the quantity /o?ir (with the value of 
the breadth as before). 

Ill the case of excavations having central masses tapering up- 
wards or downwards the operation (for KarmdnWkaphala)' is (to 
add the value of) half the breadth of the excavation to (that of 
the breadth of ) the central mass, {ioT AwndTaphala),iQ add 
(the value of) the breadth (of the excavation to the value of the 
breadth of the central mass) ; then (the procedure is) as (given) 
before. 


Emmplee in illusir at ion thereof. 

21-}. The already mentioned trilateral, quadrilateral, and 
circular (areas) have ditches thrown round them. The breadth 
measures 80 dandas, and the ditches are as much as 4 [damkis) 
in breadth, and 3 {dandae) in depth. (Find out the cubical 
oonteats.) 


and the excavation may be of the same width both at the bottom and the top, 
01 * may be of diminishing or increasing width. The rule enables ns to find ont 
the total length of the ditch in all these cases. 

I. When the width of the ditch is uniform, the length of ditch = (ci 4- b) x 
3 in the case of an equilateral triangular or circular ditch, where d is the 
measure of a side or of the diameter of the central mass and b is the width of 
the ditch : but this length = ((i q- b) x 4 in the case of a square excavation 
with a central mass, square in section. 

II . When the ditch is tapeiing to a point at thejbottom or the top, the length 


of the ditch for finding out tlio 


Karmdvitilca-phala =r -i- X 3, or 


X 4, according as the central mass (1) is in section trilateral or circular, or (2) 
square. 

Length of ditch for finding out = (d + b) x 3 and (d -f b) 

X 4 respectively. 

These expressions have to be multiplied by half of the width of tlie ditch and 
by its depth for finding out the respective cubical plialas. The formulas given 
above in relation to triangular and ciroolar excavations give only approximate 
results. With the aid of the total length of the ditch so obtained, the cubical 
contents are found out in the case of ditches with sloping sides by applying 
the rule given in stanssas 9 to IXJ above. 
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22-}. Tlio length of a longish quaclrilatoral is 120 (Jauffim) and 
the breadth is 40. The ditch around is as big as 4 in bfeo4t!i 
and 3 in depth. (Find out the cubical contents.) 

The rule for arriving at tho value of the cubical coiiieida 
of an excavation^ wlieii the depth of the exeavation varies (at 
various points), and also for arriving, when the cubical coiileiit.s 
of an excavation ai^e kiiowin at the depth of digging necu&hary in 
the ease of another (known) area (so that the cubical contents may 
be the sanie) 

23|. The sum of the depths (measured in different |)laees) is 
divided by the number of places ; this gives rise to the (average) 
doptli. Tliis multiplied by the top area (of the excavation) gives 
rise to the (required) cubieal contents of the exeavation in the ease 
where that area is trilateral, quadrilateral or eireiihir. The eiibieid 
eontents (of a given excavation), when divided by the (known) 
value of another area, gives rise to the depth (to which there shoahl 
be digging, so that the resulting cubical contents may be the 
same). 

Ji!-.Tci7npIes m illmirathn thereof. 

2f|. In an equilateral quadrilateral field, the ground covered !)v 
which has an extent measured by 4 hmtas (in length and bmadfh), 
the excavations are (in depth) 1,2, 3, and 4 hadiw (in foiu* different 
eases). What is the measure of the average de|)th (of the 
excavations).? 

25|-. There is a -weil with an equilateral quadrilateral seettion, 
the sides whereof are 18 in measure ; its depth is \ hmtm. 

With the wafer of this (well), another well measuring 9 kmtm at 
each of the sides (of the section) is filled. What is the depth 
(of this other well) ? 

When the measures of the sides of thc'top (seotional area) and 
also of the bottom (sectional area) are known, and when the 

22|. For finaiug ovt tho total length of tho, suiTonriaijai? clitoh wkm tho'')'” 
central niasa of eartli is rectangular in section,' the measures of the sides 'as 
increased by the width -or half the width of the ditch are added together, 
according as the JCa-i mdnUM or the resifft is- required. 
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measure of tlie depth also is known, in relation to a certain given 
excavation, the rale for arriving at the value of the sides (of 
the resulting' bottom section) at any optionally given depth, 
and also for arrmiig at the (resulting) depth (of the excavation) 
if the bottom is reduced to a mere point : — 

2(%. The product resulting from multiplying the (given) depth 
with (the given moasiire of a side at the) top, when divided bj 
the difference between the measures of the top side and the bottom 
side gives rise here to the (required) depth (when the bottom is) 
made to end in a point. The depth measured (from the pointed 
bottom) upwards (to the position required) multiplied by (the 
measure of the side at) the top and (then) divided by the sum of 
the side measure, if any, at the pointed bottom and the (total) 
depth (from the top to the pointed bottom), gives rise to the side 
measure (of the excavation at the required depth). 

An example in idustration thereof, 

27-J-. There is a well with an equilateral quadrilateral section. 
The (side) measure at the top is 20 and at the bottom 14. The 
depth given in the beginning is 9, (This depth has to be) further 
(carried) down by 3. What will be the side value (of the bottom 
here) ? What is the measure of the depth, (if the bottom is) made 
to end in a point ? 


2G|. The problems coiiten!Y>lated in this stanza ai’e (a) to find out the fall 
lafcifn.de of an inverted pyramid or cone and (5) to find ont the dimensionB 
of bljB cross section tberoof at a desired levei, when tke altitude and the 
dimensions of the- top and bottom surfaces of a truncated Y) 7 ramid or cone 
are given. If, in a,' truncated pyramid with square base, a is the meastire of a 
side of the base and 6 that of a side of the top surface and h the heighfcj. then 
aecoi ding to the rule given here, H. taken as the height of tlje whole pyramid 
n X A 

n easuve of a side of the cross secti n of the pyramid at any 
given height represented by 

H 

TVtese fornmlas are applicable in the case of a cone as well. In the rule the 
measure of the side of section forming the pointed j art of the pyramid i.s required 
to be added to H, the denominator in the second fonnnla, for the reason that- in 
some cases the pyramid may not actually end in a point. \Yliere, however , it 
does end in a point, the value of this side has to be zero as a matter of course. 
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Tlie rule for arrifiug’ at tlio value of the cubical coiiteiits of a 
spherioally bounded space : — 

28|. The half of the cube of half the diameters iiiiiltiplied 
by nine^ gives the approximate value of the cubical eontciits of a 
sphere. This (approximate value)^ multiplied by ^nne and divided 
by ten on neglecting the remainder^ gives rise to the accurate 
value of the cubical meosure. 

example in iilrntrcimi thereof. 

29|. In the case of a sphere measuring 10 in diameter^ caleu- 
lata and tell me what the approximate value of (its) eubieal mea- 
sure is, and also the accurate measure (thereof). 

The rule for arriving at the approximate value as well as the 
accurate value of the cubical contents of an excavation in the 
form of a triangular pyramid, (the height whereof is taken to be 
equal to the length of one of the sides of the equilateral triangle 
forming the base) : — 

30|. The cube of half the square of the side (of the liasal 
equilateral triangle) is multiplied by ten\ and the square root (of 
the resulting product is) divided by nine. This gives rise to the 
approximately oaleolatod value _(Tequired). (This approximate) 
value, when multiplied by three and divided by tlie square root of 

28|. The volume of a spliere as i«iveii bore i« (1) api'jroKimatol^* = >c 

and ( 2 ) acoarately=- The correct formula tor the oiibi- 

eal contents of a sphere is,!, it and this becomes (j^mpambk wHh the 

above value, if w is taken to be 4 / 10 . Both the MSS. read 

making it appear that the accurate value is of the approximate 

value j but the text, adopted Is which makes the accurate value 

^ of the approximate one* It is oasj to see that this gives a more accurate 
10 

result in regard to the measure of the ciilncal contents of a sphere than the other 
reading. 

' 30|. Algebraically represented the approximate value of the cubioai 
contents 0! a triangular pyramid according to the' rule comes to ~ >; 4/i , 

ie., 5! X j and the accurate value becomes equal to yy ^ ^ J where 

12 0 ■ li 

m 
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ieny giVQB rise to the aociirately calculated cuhioal .contents of tho' 
pyramidal excavation. 

An example in illustration thereof. 

' 31|. Calculate and say what the approximate, value 'and, the 
accurate value of the cubical measure of a triangular pyramid' arej 
the side of the (basal) triangle whereof is 6 in length. 

When the pipes leading into a well are (all) open, the rale 
for arriving at the value of the time taken to fill the well with 
water, when any number of optionally cliosen pipes are together 
(allowed to fill the well). 

82-J— 83. (The number one representing) each of the pipes is 
divided by the time corresponding to each of them (separate^) ; 
and (the resulting quotients represented as fractions) are reduced 
so as to have a common denominator ; one divided by the sum of 
these (fractions with the common denominator) gives the fraction 
of the day (within which the well would become filled) by all the 
pipes (pouring in their water) together. Those (fractions with the 
common denominator) multiplied by this resulting fraction of the 
day give rise to the measures of the flow of water (separately 
through each of the various pipes) into that well. 

An example in illudraiion thereof. 

3 ^ There are 4 pipes (leading into a well). Among them, 
each fills the well (in order) in f ^ of a day. In how 
much of a day will all of them (together fill the well, and each of 
them to what extent) ? 

In the Fourth Subject of Treatment named Rule of Three, m 
example (like this) has (already) been given merely as a hint ; the 

a g'ives the measure of the altitude of the pyramid as also of a side of the basal 
equilateral triangle. 


ft may bo easily seen that both these values are somewhat wide of the mark, 
and, that the given approximate value is nearer the correct value than the 
80-called accurate value. 
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subject (of that example) is expanded here and is given out in 
detail,/' ■ • 

36-36, There is at the foot of a hill a well of an equilaterallj 
quadrilateral section measuring 9 hastas in each of the (three) 
dimeBsions. From the top of the hill there rtins a water chan- 
iielj the section whereof is (uniformly) an equikteral quadri- 
lateral having 1 angula for the measure of side, (x4s soon as the 
water iiowicg throngh that channel begins to fall into the' well), 
the stream is broken off at the top; and (yet), with it (that well) 
becomes filled in with water. Tell iiio the lieight of the hill and 
also the measure of the winter in the 'well. . 

3T-38|% There is at the foot of a hill a well ot an oquilaterally 
quadrilateral section measuring 9 liasUis in each of the (three) 
dimensions. From the top ot the hill, there runs a water ehannek-, ' 
(the 'Section whereof is tliroughout)a circle- of 1 angula i'n diameter. 
As soon as the wuter (flowing through the channel) begins to fall 
into the well, the stream is broken oft’ at the top. With the 
water filling the whole of the channel, that well becomes 
filled. 0 friend, calculate and tell me the height of the mountain 
and also the measure of the water, 

39-|-40|. There is at the foot of a hill a well of an 
equilaterallj quadrilateral section measuring 9 hastas ia (each of 
the) three dimensions. From the top of the hill there runs a water 
channel, (the section whereof is throughout) triangiilar, each, side, 
measuring 1 angula. As soon as the water (flowing through 
that channel) begins to fall into the well, the stream is broken o2 
at the top. With the water (filling the whole of the channel) that 
(well) becomes filled, 0 friend, calculate and tell (me) the height 
of the mountain and the measure of the water* 


S5 to 42|. The reference hero is to the example given m stanzas 15-I6 
chapter F — ^ide also the footnote thereunder. 

The volnme of the water is probably intended to be expressed in mkas, (Vide 
the table relating to this kind of volame measure in stanaas 36 to 38, chapter 
I.) It is stated in the Kanarese commentary thatl onbio afigula of water is equal 
to 1 Icam* 'Then according to the table, given ^ in' stanza 41 of chapter I, 4 
make one j according to stanza 44 in the same chapter, 12§ 
make one ; and stanssas S6 to 37 therein give the relation of tho prmth^ 

to the viha. , \ ' 
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V- - 41|-4*2|. ''' There is .at the foot of a hiU a well of an eqnilaterally 
■qiiadiilaterai' section measuring' 9 iia^ (each of the) -three 

dimensioiiB. (Prom the top of the hill) there inns a water ohannelj 
(the section whereof is , uniformly) 1 broad at the bottom, I- 

'd%ttkat(each of) the dug (side slopes), and 2 angulas in length 
(at the ' .top). ' As soon as the water (flowing through that channel) 
begins to fall into the well, the stream is broken off at the top. 
With the water (filling the whole of the channel) that well be- 
comes filled. What is the height of the hill and (what) the 
.measure of the water P 

Thus ends the section on accurate measurements in the cal- 
oxilations relating to excavations. 


Eelating to Piles (of Bricks). 

Hereafter, in (this) chapter treating of operations relating to 
excavations, we will expound calculations relating to (brick) 
piles. Here there is this convention (regarding the unit brick). 

43J. The (unit) brick is 1 hasta in length, half of that in 
breadth, ^and 4 angulas in thickness. With such (bricks ail) 
operations are to be carried out. 

The rule for arriving at the cubical contents of a given 
excavation in a field and also at the number of bricks corresponding 
to the above cubical contents. 

44|. The area at the mouth (of the excavation) is multiplied 
by the depth ; this (resulting product) is divided by the cubic, 
measure of the (unit) brick. The quotient so obtained is to be 
understood as the (cubical) measure of a (brick) pile ; that same 
(quotient) also happens to be the measure of the number of the 
bricks* 

Examples in illustration thereof. 

45^. There is a raised platform equilaterally quadrilateral (in; 
section) having a side measure of 8 hastas and a height of 9 

44|. The cubical measure of the brick pile here is evidently in terms of tho 
U3sit brick. • '' 
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limim. That (platfoiiTs) is built up of bricks. 0 you, who kaow 
calculatioBj say how many brioks there are fin it). 

46|. A raised platform, equilaterally triangular (in section), 
liaTing 8 hastfis (as its sale measure), and 9 kmim as height, has 
been constructed with the aforesaid bricks. Oaknilate and say how 
many bricks there are in this (structure). 

47|-, A raised platform, cmcular in seetion, haring a diameter 
of 8 hasias and a height of 9 Jtmfas is built up with (the same 
aforesaid) brioks. 0 you who know ealciilatioo, say how many 
bricks there are in ' it. 

48-|. In the case of (a raised platform having) an, oblo,ng 
(section), the length is 60 hmian, the breadth 25 hadtm^ and the 
height is 6 hadm. Give out in this case the measure of that brick 
pile*.' 

49|-. A boundary wall is 7 hmian in tluckness, 24 htmlm in 
length and 20 limim in height. How many are the bricks used in 
building it ? 

oO^-. The thickness of a boundary wall is 6 hadm at the top and 
8 hadas at the bottom ; its length is 24 hadm and height 20 hadm. 
How many are the bricks used in building it ? 

51i. (In the case of a raised sloping platform), the lieights 
are (respectively) 12, 16 and 20 tete (at three different points) ; 


III finding out the cubical coiitcntB of the wail, the average breadth 

, , . calc^ilated 

ding to the rule, 
given in tha lat- 
ter half of f^tlinsl^a 
4 above, is used j 
HO the JCamdw* 
'lite-'';' .value;: 
tafeen into ckmi- 
sideration hero. 

lilf. This 
sloping platform 
is bounded at its 
two ends fey two 
vertical planes , 
tho top and the 
side gurfaees 
alono . (feeing 
sloping. The top 
formB « Inclined 
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^ breadth at ,:tiie bottom, are .(raspectively) 

Tj b' and. '5,,' (the .same) at the top ■ .being. 4 , 3 and 2 hasias | the 
■length , is , 24' hastas. ' (Find out the- number- of bricks , in .the', 
pile).. - 

,.'.'v for arrmngj in relation to a giTen raised platform 
(part of) which has fallen dowHj at the number of bricks found 
(intact) 111 the unf alien (part) and also at the number of bricks 
found in the fallen (part) 

52|. The difference between the top (breadth) and the bottom 
(breadth) is multiplied by the height of the fallen (portion) and 
divided by the whole height. (To the resulting quotient) the 
value of the top (breadth) is added. This gives rise to the 
measure of the basal breadth in relation to the upper (fallen 
portion) as well as to the top breadth in relation to the lower 
(intact portion). The remaining operation has been already 
described. 

An escmnple in illmtratim 

53 1 . (In relation to a raised platform), the length is 12 hastm 
the breadth at the bottom is 5 hasias^ (the breadth) at the top is 
1 hada^ and the height all through is 10 hadas, (A measure of) 
5 hastas (in height) of tliat (platform) gets broken down and falls. 
How many are those (unit) bricks there (in the broken and the 
unbroken parts of the platform) ? 

When a (high) fort-wall is broken down obliquely, the rule for 
arriving at the number of bricks which remain intact and of the 
bricks that have fallen down : — 


plane, tlie breadth of which is 2 hastas at the raised end and 4* haetas at the other 
end. Vide diagram in the margin of page 269. 

62j*. The measure of the top-breadth of the standing par of the platform — 
which is the same as the bottom-breadth of the fallen part of the platform — is 

algebraically IfL— + 5$ where a is the bottom-breadth, b is the top- 

breadth, h the total height and d the height of the fallen part of the raised 
platfoimi. 1 his formula can he easily shoym to be correct by applying the 
properties of similar triangles. 

The operation referred to in the rule as having' been already described is what 
in given in stanza 4 above. 
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541*. The hottoai (breadth) and the top (breadth) are (caeh) 
doubled. To these are added (respectiYaly) the top (iTOacith) and 
the bottom (breadth). The (resulting) quantities are (respeetiYoiy ) 
increased and decreased b}’ the height (aboro the ground) of the 
imbroken (part of the wall) ; and (then the quantities so obtained ) 
are innltiplied bj the length and also bv the sixth part of the 
(total) height. (Thus) the number of brieks intact and fho 
number of bricks 'fallen off may be obtained in order. 

.Eivam.pk\s in iihistratw^^ 

. 55|-. This high fort-wall (of measurements already giwUj 
struck by a ojelonic wind) has been (obliquely) from the bottom, 
broken down along the diagonal section.- In relation thereto,, 
how many are the bricks intact -and the bricks fallen down F 

58|. The -same high , fort-wail has been Inoken down by the 
cyclone obliquely after leaving over 1 hasta from the bottom. 
How many are the bricks that remain ietaet and how many the 
bricks that have fallen down ? 

The rule for arriving at the giowdug nvJiber of layers (of 
bricks) in relation to the central height of a Ibrt-w’all, and 
(also) for arriving at the (rate ot the) diminution of layers 

54|. If a be the breadth at the bottom, h the breadth at the top, h the toUd 

15 height and I the 

,of ;■ 'tlie.'. 

will,' and.-' .«!' the 
. .height , above .■ 
th0\ groimcl'.'.-'-oi*,; 
■ -'-.anbi'dicea'', 

part, of the 'Wall''- 

tlwni^l.2«+ 5 

b 

+ <i),and^(2& 

-f- a— d.) repre- 
sent the inimber 
of bricks intact 
' lUid the mmiber 
of briekn fallen 


The figure in the margin shows the ' wall mentioned in stanJ^A 5 

ndicate the piano along which the^wall fractured when it broke* . * - 
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(happeEiEg' to..be tlie , diminution; in breadth) on .both' . the; 'sides' 
;(of the wall in passing from below .upwards). . 

The height' (of the' central section) divided by the; height' 
.of tlm given , .brick gives rise to the , (required.) measure .' u.f... ..the 
layers (of 'bricks). ■ This, (number) is diminished by one a:ii.d (then)', 
divided by the difference between the top (breadth) and the 
bottom (breadth). The resulting quotient ■ gives (in itself) ''the 
value of the (rate of the) diminution (in breadth) measured in 
terms of the layers. 

Examples in illustration iJ'iereof. 

58^-. The breadth of a high fort -wall is 7 hastas at the bottom 
Its height is 20 hastas. It is built so as to have 1 hasta (as 
its breadth) at the top. With the aid of bricks of 1 hasta in 
height, (find out) the (measure of the) growth of the (central) 
layers and of the (rate of) diminution (in the breadth), 

59|-60. In a regularly circular well, 4 hastas in diametex', a 
wall of l-l- hastas in thickness is built all round by means of (the 
already mentioned tj^pieal) bricks. The depth of that (well) is 3 
hastas. If you know, calculate and tell me, 0 friend, how many 
are the bricks used in the building. 

In relation to a structure built of bricks (around a place), the 
rule for arriving at the value of the cubical contents (of that 
stimeture), when the breadth at the bottom (of the structure) is 
given and also the breadth at the top : — 

61, Twice the (average) thickness of the structure has added to 
it the given length and. the breadth (of the place). The sum (so 
obtained) is doubled, and the resnlt is the (total) length (of the 
structure when it is) in (the form of) an oblong. This (resulting 
quantity), multiplied by the (given) height and the (already men- 
tioned average) thickness, gives rise to the (required) cubical 
measure). 


59|-60. The bricks con teiu plated here is the uoit brick mentioned in stanza 
absYC This problem does not illasfcrate the rule given above in stanza 57|i 
but it has to be worked according to the rules given in stanzas 20j and A^tl- 
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An emmple in iUmtraiion thereof ^ 

62* 'In relation to the (place hmwn)B.^nli}jMhmrhnMijJHim the 
hreaiitli is 8, and the length is !2. The tMekness of the stir- 
ronnding wall is 5 at the bottom and 1 at the top. Its height 
is 10. (What is the eiiMc measure of this wall ?) 

. Thus ends (the seotion oii) the measnrenient- of '(brick) pites ' la " 

. the nperatioBB relating tx) exoaTatio ns, . 

, 'Heix^after,' we, shall 'expoiuid the operations iTlatlrig ,to^ the: 
work done with saws "(in sawing wood).... The' definitions of teriiis 
in relation thereto arfr as.folkw .: — 

,63. Two. hmkm less by six«%ute . is what is oalled 'a 
The number' measuring the 'conrses of cutting from' the beginning 
to the,' 'end' of a g ken (log of wood) has the name of mdrga (or 
way)."": ' " ' "■■■ )• 

64-66. Then, in relation to eolleetions (of logs) of wood of not 
less than two warieties, consisting of teak logs and other auoh logs 
hereafter to be mentioned, the number of mujnlm measuring the 
breadth, and those measuring the lengthy and the number of 
margas are (all three) multiplied together. The resulting procliiet 
is divided hy the square of the number of arhguhs found in a 
Imta, In operations relating to saw-^vork, this gives rise to a 
Taluation (of the w’ork as measured) in (what is known as) 
pafdikds. In relation to logs (of wood) consisting of teak log.s and 
other such logs, the number of hastns measuring the breatlth and 
of those measuring the length are multiplied with each other, 
and (then) multiplied by the number of mdrgas, and (thereafter) 
divided by the paMkm as above determined ; this gives rise to 
the numerical measiii'e of the work done by means of the saw. 


63 to 67f. = if hasU* Marga m ih^ timie ' glxm' to my dmwd 

course orlme of sawing iu a log of wcHjd. The extent. of the out surface in, a 
log of wood measures ordinarily the work done in sawing it provided that the 
wood is of a definite hardness assumed to ho of unit value. This extent of the 
cut surface is measured by means of a , special 'nnifc -area which is called a 
is 96 atigulas In length and one or 4tS breadth, , 

easy to rm that, a faUiM is thus equal to seven square ■ _ , / ‘ ' 
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' 67 *- 67 |. In relation to (logs of wood oBtained from ) ' trees nanied 
iakay afjum^'umla*vMaBob^ mrah^ asita^ sarja and dunduha, mA.. also,, 
(in relation to varieties of wood) named mparnl and plahfai ihB. 
.mdrga 'h. 1 in each case 5 the length is '96 angulas^ and the, Breadth; 
is i hislm (for arriving at the measure of a pattikd). 

An emmpU in illustration thereof , 

68|'. In relation to a log of teak wood, the length is 1 % IiaBtas, 
the Breadth is hmtas and the mar gas (or saw-courses) are 8 
in numher. How many are (the units of saw-work) done here ? 

Thus ends the section on saw-work in the (chapter on) 
operations relating to excavations. 

. Thus @Ms the seTenth subject of treatment knowa 
as Operations relating to ExcaYatioBS in Sarasangraha, 
which is a work on arithmetic hy MahiTirieiryar 
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GHaIPTIB IX. 


OALCOLATIOHS EELATIHG TO SHADOWS. 

1. ThatJiaa, featij who bestows peace mpoii peoppj, is the 
lord of the world, knows all beings, and is (erer) growing in 
influence through his eight miraculous powerS“-*to him, who has 
vanquished the hosts of his enemies^ I bow in salutation. 

In the heginning, we shall give out the means of determining 
the eight directions oommencing with the cast. 

2. On an even ground-surface which is (a horijsoutal plane) like 
the upper' surface of water, a (perfectly) round circle should be 
drawn with the aid of a looped string having twice the length 
of an optionally chosen style (fixed in the centre). 

3. The shadow of that optionally chosen style fixed in the 
centre of that circle touches the (circumferential) line of that circle 
at the beginning of the day as also at the time forming the close 
of the day. By this, the western direction and the eastern direo- ^ 
tion are pointed out in order, 

4. By means of the string running in the line of these two 
(ascertained) directions, a fish- shaped figure (or June) should be 


4. The string with tho aid of 
which the lish-shaped figure is drawn 
should be longer than the radius oi’ 
the circle drawn according to stanza 
2 above. If OB and OW in the 
annexed diagram represent the 
eastern and the western directions, W 
SFSE will be the inn® drawn by 
desori'bing two circles with centres 
respectively at B and W and with 
BB and WP as equal radii. The 
line NS cutting the angles of the !une 
marks the northern and the southern 
directions. 


drawn . wIiigIi, wilLextend from north to ' south. , The' 'straight line 
rimBiiig 'throiigh the middle of the angles of: this (fish-shaped 
figure) represents of itself the ' northern and the' southern direo- 
feioiis. The intermediate directions have to be' as'certained as being 
deiiYable. from half the (interspace between these) directions. 

: 4|.: 'Th '0 (measure of the)' equinoctial shadow is indeed half ' of 
the sum of' the measures, of the- shadows obtained, at the middle of 
the day-time (or noon) on days ^^hen the sun enters the sign of 
ArwB as also the sign of Libra. 

5|, 111 Lanka, j Yavakoti, Siddhapuri, and Eomakapuri, there 
is no (such) equinoctial shadowata.il; and, therefore, the day-time 
is of 30 ghath. 

fij. In other regions, the day-time happens to be longer or 
shorter by 30 ghafw. On the days of the entrance (of the sun) into 
Aries and into Libra, the day-time is everywhere of 30 ghaih (in 
duration). 

7|-, Having understood the measure of the duration of the day- 
time and also of the shadow at (noon or) the middle of the day 
according to the way described in astronomy, one should learn 
herein the calculations regarding shadows by means of the collec- 
tion of rules hereafter to be given. 

The rule for arriving at the time of day, on knowing the 
measure of the shadow of a given style at a given time (in the 
forenoon or afternoon) in relation to a place where there is no 
equinoctial shadow : — 

8|. One is added to the measure of the shadow (expressed in 
terms of the height of an object), and (the sum so resulting) 

S'l, If a be tlie height of the object and a the length of its shadow, 
then th© time of the day that has elapsed or has to elapse is, according to the 

Tiile given here, ecinal to j: — . i , where A is the angle repre- 

2(4 2M.A+1) 

senting the altitude of the snn at the time. It maj be seen that this formula 
gives only the approximate value of the time of the day in all cases except 
when the altitude is 45'’, and that the approximation is very rough only in the 
ease of large altitudes, nearing 90®, The fomnia seems to b© based on the fact 
that for small values the angles in. a right-angled triangle are apx>roximately 
proportional to the opposite sides. 


CHAFTJSE IX—CAWntAflOm UMhAUmO TO SHADOWS. 277 

is doubled ; with the (resulting) quantity the measure of the 
(whole) daytime is divided. It should' be made out that "this 
gives 'rises acoordiiig to the mathematieal work (known as) Sara- 
sangraha, to the portion of the clay elapsed in the forenoon and 
also to the portion of the day remaining in the afternoon. 

exam;^)ie m Ulmiration thereof, 

9|. The (length of the) shadow of a man is d times (his 
height). Say^ dear friend, what portion of the day has gone in the 
forenoon, or what portion of the day remains in the afternoon. 

The rule for arriving at the (corresponding number of) gk&im, 
when the, portion of the day (elapsed or to elapse) has been arrived 
at (already), 

10|. The (known) measure of (the diTOtion of) the day innlti- 
plied by the numerator and divided by the denominator of the 
fraction representing the (already arrived at) portion of the day 
(elapsed or to elapse) gives rise to the ^hafh elapsed in relation 
to the forenoon, and to the ghafds to elapse in relation to the 
afternoon. 

An esample hi Ulmiration thereof, 

11|. In a region without the eqninoctical shadow^, I part of 
the day has elapsed; (or in relation to the afternoon), the 
remaining portion (of the day which has to elapse) is also What 
are the ghath (corresponding to this | portion) P There are, (it 
may be taken), 30 ghath in a day. 

The rule for arriving at the time taken up by a prize-fight 
between gymnasts. 

12|. The day diminished by the sum of the portion of the day 
elapsed and of the portion (thereof) remaining to elapse, when 
brought into the form of time (measured by ghafh}^ gives rise to 
the (required duration of) time. 

The measure of the- shadow of a 'pillar divided by themeasui^ 
of (the height of) the pillar gives -rise to the measure of the 
shadow of a man (in terms of his own height)., 
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An example in illusiration thereof, 

131. A prize-figM between gymnasts began, in the foreiido% 
■when the ' shadow was equal in measure' to. ' the ■■ style. , (Its) '■ 
■o.onelusion took place i.n the afternoons when (the; measure^ ' of :;the ■ 
shadow was) twice (that of the style). What is the duration of 
the-fight? 

An example in ilhstration {of the rule) in the latter half 
{of the stanza), 

14|-. The shadow of a pillar, 12 hcmas (in height)^ is 24 hasias 
in measure. At that time, 0 arithmetician, of what measure will 
the human shadow^ be ? 

The rule for arrivings at the period (of the day elapsed or to 
elapse), in places having the equincetial shadow, when the measure 
of the shadow at any time is known 

16|. To the measure of the known shadow {of the style) 
the measure of the style is added ; (this sum is) diminished 
by the measure of the equinoctial shadow, and (the resulting 
difference is) doubled. The measure of the style divided by the 
quantity (so ai-rived at) gives rise to the value of the portion of the 
day (elapsed) in. the forenoon, or (to elapse) in the afternoon, (as 
the case may be). 

A.n example in illustration thereof , . 

16-|-17. In the case of a style of 12 ahgitlas, the (equinoctial) 
noon-shadovp is 2 ahgulas^ and the known shadow (at the time of 
observation) is 8 ahgtilas. What portion of the day is gone, or 
what portion (yet) remains? If the portion of the day (elapsed 
or to elapse) happens to be I, what are the ghatis (corresponding 
to it), the duration of the day being 30 ghatis ? 


IS-J. Algebraically the formnla given here tor the measure of the time of th® 
a 

clay is 2 “(s' T " " e ) ® length of the equinoctial shadow of th© 

style. Th© formula is obviously based on the formula given in the note to the 
rule in sfeanssa Sj above. 
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■ The rale for arriving n^t tlie measure of the shadow correspond* 
ing to a time (of da,j) given in ghafm* 

18 . The measiite of the style is divided by twice the measiire 
of the (given) portion of the day ; (from the resulting qiiotiejit) 
the measure of the style is subtracted 5 and (to it) the (eqninoetM) 
noon-shadow is added. This gives rise to the measure of the 
shadow at the required, time of day. 

An emmiph in illmiraUon thereof* . ^ 

19 . ' If j in the ease of a. style of 12 the (eqi'diioetial) 

shadow is' 2 {mgulas, what is the measure of the ebodow (of the 
style) at a, time , when i 0' ghafk have elapsed or have to elapse, 
the duration of the day-time being 30 ■ ■ 

The definition,; of the measure of a man’s foot in relation to 
measurements carried out by means of the foot-measure as involved 
in the shadow, 

20. One seventh of the height of a person happens to be the 
length of that person’s foot. If this be so, that person shall be 
fortunate. (Thus) the nieasure of the shadow in terms of the foot- 
measure is obvious. 

The rule for arriving at the numerical measure of the shadow 
which has aseonded up (a perpendicular wall). 

21. (The height of) the style is nmltiplied by the measure of the 
human shadow (in terms of the man’s height). The (resulting) 


18. Algebraically 

— a -f c , whoie q is the measure of the tiuie o£ 

the liay in ghaiis. This formula may be seen to follow frciii that: giwn in the 
note to stanza i§-| above. 

21. Algebraically, ^ 4 where a in the aUituae of the ahadow* 

■ ■ ■ -caEting ^ " style, ' ■ A 'tlie - height , 
of the shadow on the wall, b 
the measure of the human 
shadow in terms of the iiian^a 
height, and the distance be- 
tween the pillar and the wall. 
The diagi-am here given ekol* 
dates the rule. It has to be 
noted here that the distauce' 
between- the, pillar and the wall : 
has to be measored along'dhff - 
Hue of the shadow which Sb cast in sunlight, , / ' , ^ , 
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' prodmct'is.:dimimslied' by tlie-^ measure, of .tbe, iaterval b8tweeE,,i]ie:' 
: wall aad the style.; Tbe dliferenoe (so obtained) is dinded by tbe: 
wery .measure of ^ the buman shadow (referred , to,. abo¥e). '".The 
quotient: , so obtained happens to be the measure of (that portio^;:. 
■ of) the, stylets shadow, which is on the wall. . 

An example in illrntration thereof ^ 

22. A pillar is 20 hmias (in height) ; the interval between 
(this) pillar and the wall (on which its shadow falls) is 8 hastae. 
The human shadow^ (at the time) is twice (the man^s height). 
What is the measure of (that portion, of) the pillar-shadow which 
is on the wall ? 

The rule for arriving at the numerical value of the measure- 
ment of the interspace between a wall and a pillar, when the 
height of the pillar and the numerieal value of (that portion of) 
the shadow thereof which has fallen upon the wail are (both) 
■■kno.wn. 

23. The difference between the height of a pillar and that 
(of its shadow) cast m (a wall), multiplied by the measure of the 
human shadow (in terms of the man’s height), gives rise to the 
measure of the interspace between that (pillar) and that (■wall). 
This value of the interspace divided by the difference between the 
height of the pillar and that of (the portion of) the shadow thereof 
cast on (the wall), gives rise to the measure of the human 
shadow (in terms of the man’s height). 

An example in illustration thereof. 

84. k pillar is 20 hastas (in height) ; and the (portion of its) 
shadow on a wall is 10 {hastas in height). The human shadow (at 
the time) is twice (the human height). What may be the measure 
of the interspace between the pillar and the wall ? 


23, This rule and the one in stanjia 29 following ^ive tlie converse oases of 

?ul0 to atatiafa ^1 alaove^ ■ ■ ■ • . ■ • . 



26, Vide note uncler stttBza 23 abo?©* 

28 and SO. Tbe rales liera gi\©n aro based on to mU stated in the latte ball 
tb© »caiiKa 12f abo?e. • * 


CHAPTER IX,— CALCHLATIOKS BELATIKG- TO SHADOWS. 281 


An example in ilimtmtion of the (rule in the) hilkr half 
(of the danm), 

25. A piliar is 20 hmtm (in heiglit) and the (portion of its) sha« 
dow on a wall is 16 (hmtm in height). The inoasore of tlio iiitor- 
space between the wall and the pillar is 8 {ImBlm). What is the 
‘measure of the human shadow (in terms of the tnan’s heigiit) ? 

The rule for arriving at the numerical value of the height of 
a pillar, when the numerical measure of the (portion of its) shadow 
oast on (a wall an.d the measure of the interspace hetween (that) 
pillar and (that) wall, and also the human shadow (iu ternia of 
the human height) are known. 

26. The measure of the (pillar-shadow) cast on (the wall) is 
multiplied by the measure of the human shadow (in terms of tlie 
human height) ; and to this product the measure cf the interspace 
between the pillar and the wall is added The qiiotiont obtained 
by" dividing (tlie sum so resulting) hj the measure of the human 
slia<.tow (in temis of tlie human height) is made out by the w^lse 
to be tlie measure (of the height) relating to the pillar. 

An example in illustratum thereof, 

27. The measure of (the height of the portion of) the pillar- 
shadow oast on the 'wall is 10 {kaHtas), The value of the human 
shadow (at the time) is only twice (the human height). The 
measure of the interspace between the wall and the pillar being 8 
(haBias), what is the height of the pillar ? 

The rule for separating the measure (of the height) of the 
style and the measure of (the length of) tlie shadow of the style 
from (their given) combined sum 

28. The combined sum of the measure of the stylo and the 
measure of the shadow (thereof), when divided by the measure of 
the human shadow (in terms of the human height) as mcreasedi 
by one, gives rise to the measure of the hidght of the style. The 
measure of the shadow of the style is of course the (given) 
eombmod sum diminished by this (measure of the style). 


282. 


.aAmTASlEASA^TGRAHA. 



32-S3. Let AB represent the position of a slanting pillar, and AC its shadow 
and let AX) be tke same pillar in the vertical ti 

pi 

position and AE its shadow. Then — ^ a "“x ^ 

AD \ /\ 

is equal to the ratio of the shadow of a 

man to his height at the time ; and let this /\ 

ratio be r. BO, the perpendicular from / \ 

B on AD, represents the amount of / 

slanting of the pillar, AB. It can be easily / 


shown that ^ 

From ^his it can 
, , A .0 — a/ A n®. 


same lomula^ 


An example in illmiration thereof. : . 

29. ' The ooai’bmed sam of the (height) measure of the style 
and the (length) measure of its shadow is 50. ' What may be the 
height of the style, the human shadow being (at the time) 4 times 

: , (the human. height) ? ♦ 

The rule for separating the (length) measure of the shadow 
of the st}de and the measure of the human shadow (in terms of 
the human height) from (their) combined sum : — 

30. The combined sum of the measures of the shadows of a 
style and of a man is divided by the (known height) measure of 
the stjle as increased by one. The quotient (so obtained) is the 
measure of the human shadow (in terms of the hurnan height). 
The combined sum (above-mentioned) as diminished by this 
(measure of the human shadow) gives rise to (the length-measure 
of) the shadow of the style. 

An example in UlndTaHon thereof. 

31. The height of a style is 10. The sum of the human 
shadow (in terms of tlie human height) and (the length of) the 
shadow of the style is 55. How much is the measure of the 
human shadow (in terms of the human height and how much is 
the length of the shadow of the style) ? 

The rule for arriving at the measure of the inclination of a 
pillar (or vertical style) 

32-33. The product of the square of the human shadow and 
the square (of the height) of the style is to be subtracted from tbe 




square ot the (giFeii) shadow. This (remaiiidor) is to be iiiulli- 
pliod bj the smii of the sf|iiaro of the human shadow and ofie, 
(The qiiaiititj so arrivcil at) is to bo subtracted from tlic si|iiarc 
of the (given) slindow. The square root ol this (resultaiig roiiiai'ii- 
cler) is to be subtracted from the (given) measure of the shadow; 
andy when (the C|uautitT thus obtained is) diridod bj (the sriin of) 
one and the square of Ike bimian siiaciow, thovG results oxaeiiy 
tlio measure of the inoliiiatioii of the idllar. 

An eMimph in- tUnMiraiimi theref^t ■ 

d4. The human shadow (at the time) is twice (the human 
height), '1 ho shadow of a pillar. If) hadas in height, is 29 {hasfm)^ 
Wiiat is the measure of the slanting of the pillar here ? 


35”37i*. Ihis exampk teurs on the rules giTcn in stsmaas Sj and 23 above. 

TMs ©xaiupl© Ims tjo bo worked oat aooording to Ike rale given in 
stasisra above. 
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The rule for aiwing at the shadow of a style due to f the 
light ,of).a lainp': — , , 

■ 40-|,. The height of the lamp us diminished bj tlie. height - 
, 'Of . the style is divided ■ hy the height of the ' style. If j hy, 
.nieansoMlie quotient so obtained, the (hoinznntal). distance between; 

' tliB' lamp' and the style is divided, the measure , of the shadow of ; 
hho style is arrived at. 

An example in illudration thereof > 

4l,|~-42. The (horizontal) distance between a style and a lamp 
is in fact 9t> ahgulas. The height of the flame of the lamp (above 
the floor) is 60 (angulas), O you who have gone to the other 
shore of the ocean of calculation, tell me quickly the measure of 
the shadow due to the flame of the lamp, in relation to a style 
which is 12 ahgulas (in height). 

The rule for arriving at the (horizontal) distance between the 
lamp and the style : — 

43. The height of the lamp (above the floor) is diminished by 
the height of the style. The (resulting) quantity is divided by the 
height of the style. The measure of the shadow of the style, on 
being multiplied by the qiiotienj: so obtained, gives rise to the 
(horizontal) measure of the intervening distance between the style 
and the lamp. 

An example in illudration thereof. 

44. The shadow of the style is 8 ahgulas (in length). The 
height of the flame of the lamp (above the floor) is 60 {ahgulas). 

40 1. Algebraically stated the rule 
is— 

s =: c ; where s is the length 

' a ■ . 

of the shadow of the style whose 
height is represented by b is the 
height of the lamp above the ground, 
and c the horizontal distance between 
the lamp and the style. The formula 
may be seen to be correct by means 
of the diagram here given. 

43. Using the same symbols, c « x 

U. The given measure of, the height of the style is 12 afigulas, vide stanzas 
46-47 below. 
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0 you who have gone to the other shore of the ocean of ealciilfitiou, 
say what (the measure of) the intervening faoaijsontal tlisiaiiee is 
between the style and the lamp. 

The rule for arriving at the numerical measure of the haiglt 
of the lamp (above the floor) :™ 

45. 'Fhe measure of the (horizontal) distance between the lamp 
and the style is divided by the shadow’^f the style. (Then) me 
is added (to the resulting quotient). Tlie quantity so obtained, on 
being multiplied by the measure of the height of tlio style, gives 
rise to the measure of the height of the lamp (above the floor). 

An vTcimple in ilhidfaiioii ikereof, 

, 40-47. The (length of the) shadow of the ■style -is exactly 
twice (its height). The measure of the intervening (horizontal) 
distance between the style and the lamp is 800 angidm. What 
is the measure of the height of the lamp (above the floor) in 
this ease ? Here and also in the foregoing^example, the measure 
of the height of the style has to be understood as corisistmg of 12 
mgu/as, and then the way in which the meaning of the ride works 
out is to be learnt well. 

The rule for arriving at the numerical measure of the height of 
a tree, when the measure (of the length) of the shadow of a man in 
terms of (his) foot and the measure of the length of the shadow of 
the tree in terms of the measure of that same foot are known ; as 
also for arriving at the numerical measure (of the length) of the 
shadow of the tree in terms of that same foot-measure, wdien the 
numerical measure of the height of the tree and the niimerieal 
measure (of the length) of the shadow of a man in terms of (his) 
foot are known 

48. The measure (of the length) of the shadow of the tree 
chosen by a person is divided by (the, foot-measure of the length 

45. Similarly, 5 = ( ^ 4* l) a* 

48. This deals witli a converse case of the rule given in the latter half of 
sfcaoza 121 above. The relatioB between the height of a man and Ms 
is tttillzecl In the statement of the rale as given here* ' 
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of) Ms own sliadowj and then it is multiplied by gives 

rise 'to the height of the tree. This, (height of the tree) divided 
by and multiplied by the foot-measure of Lis shadow surely 
gives rise to the measure (of the length) of the shadow of the tree 
exactly. 

An example in illmtmtion thereof, 

49. The foot-measure (of the length) of one’s own shadowris 4, 
1'he (length of the) shadow of a tree is 100 in terms of the (same) 
foot-measure. Say what the height of that tree is in terms of the 
measure of one’s own foot. 

An example for arriving at the numerical measure of ike shadow 

of a tree, 

50. The measure (of the length) of one’s own shadow (at the 
timel is 4 times the measure of (one’s own) foot. The height of 
a tree is 175 (in terms of such a foot-measure). What is the 
measure of the shadow of the tree then ? 

51-52|-. After going over (a distance of) 8 yojanas (to the 
east) of a city, there is a hill of IQ yojanas m height. In the city 
also there is a hill of 10 yojanas in height. After going over (a 
distance of) 80 yojanas (from the) eastern hill to the west, there is 
another hill. Lights on the top of this (last mentioned hill) 
are seen at nights by the inhabitants of the city . The shadow^ of 
the hill lying at the centre of the city touches the base of the 
eastern hill. Give out quichly, 0 mathematician, what the height 
of this (western) hillis. 

Thus ends the eighth subject of treatment, known 
as Calculations relating to shadows, in Sarasahgrah% 
which is a work on arithmetic by MahiYiricirya. 

BO mOB THIS SlBASAmBAHA, 

51-”62|. This example is intended to illustrate the rule given in stanaa 45 
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SANSKRIT WOBDS DENOl’lNG NUMBERS WITH THEIE 
ORDINARY AND NUMERICAL SIGNIFICATIONS. 


... 

, The eye ... 

■2 

Men have two eyes. 

mK ... 

Fire .... .... 


The number of saerifidai fires is thm% 

viz., JTrt^?f, ar.ll 

m - 

MnnibeF 

9 

ihere are only nine numerieai r£|;niireH 
exelndiuf? the zero. 

3|f 

An auxiliary diui 
sion or depart- 
ment of science. 

G 

There are six anxiliju-y dei.Kirwnoats of 
study in relation to the viz,, 

'5#RTT. 


A Tnooiitain 

7 

Seven princi|^al inonntainB called Kidn- 
calas are rec«‘gni 2 ed in the pT‘opra|ihy 
of the ?«s anas, viz.,3TW?^5 ffff^ 

?iT!%iR^, ^v-iizr, tD'rwrsr. 


A mountain 

,7,:. 

Vide 3f^. 


The sky 

0 

The sky is considered to bo voiii. 

■ mm' 

Fire 

yS 

Vide Sfr3^. 


All army 

8 

There are eight kinds of army mentioned 
■ in Sanskrit, viz., ^fTf. : 

»r«^, yr^rr, 

... 

The sky 

0 


mwm .. 

The ocean 


It is held that there nrt.^ four oceans, 
viZf, eastern, southern, wc'siorn ami' 
;.;^;nbrthern. ; : .-'b'::' 

'••• 

The oye ... 

2 


m'mt 

The sky 

0 

:.y:Wii«::3FPa. 

aiirtw 

The ocean ■ 


Ti(i« aifsq'i” 

- 


4 
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mm: ■ ■ : ; • 

, A 'horse .. 

... 7 ■ 

The horses of the sun’s chariot are sup- 
posed to be seven. 


.. CouBistiiig of horse. , 7 

fide 

.. 

. The sky . 

0 

Vide . 


.. The sun . 

... 13 

The number of suns is reckoned to be 1 2 


corresponding to the 12 months of a 


year, viz., Krrf, 

mV, and Thej are called 



Tiie moon 

1 

5 ^ - 

, The god Indra ... 

14. 


. An organ of 

sense. 

5 


. An elephant ... 

8 

n 

. An arrow 

■__5^ 


The eye 

2 


The ocean 

4 


. God Visnu 

9 

' ■5SH ' ' „ 

A season 

0 





.. The hand 



That which has bo 

be done ; an act 

"5 


the twelve Adi ty as. 

We have only one moon. 

. Fourteen liidras are nsnally reckoned at 
the rate of one Indra for each of the 
iomteen manvantaras. 

There are five organs of serisej via., nose. 

tongue, eye, skin .and ear. 

Fight elephants are said to guard the eight 
cardinal points of tbe world. Tliey are 

trnsTfi, mm, 

BTl’^T, andgSfcfT^. 

The arrows of Manmatha or the Indian 
Cupid are declared to be five, viz. 

and 

Vide 

Vide 

There are said to be nine Visnns corre- 
sponding to the nine past incarnaticns 
of Visnu. 

There are, according t") Sanskrit liter- 
ature, six seasons in a year, viz* 

anti 

Human beings have two hands. 

There are 5 vrt^>tQ$ or austerities to be 
observed according to the .laina reli- 

gion. viz., 37^. 

. and 


of devotion or 
austerity. 


•• 

^ 4 ^ 1 : ... 


^ ... 

mm ' 


... 

^mw. ... 
m , ; ' ... 
m 

... 

m 

Prft: ... 

;$rf ■ ; .:. 


- 

... 

SfSJWm 

S|c51% ... 

spPrf^-.. 
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An elephauti,,' ... 

S 


Action ; tii© effect 

8 

According to Jainas there are eight 

of action as' it§ ' 


kinds of jearma^ viaj. 

karma. 


STStTU!?, 



t-i^^rrir, =Trr^, >trf^ and 

The moon ' ♦«, 


Tide^, 

Attachment to 

4 

According to the Jaiaia religion there nr© 

wordlj objects. 


four canaes for such attachment, vis;.., 



5F:t>ir, iTR, mr, sm. 

The faces o£ 'K.'ii- 

'6 

This War-god is supposed to haye si*. 

mara or the 


faces. Gf, 

' o 

Hindn war-god. 



A iiam©' of Tisi.i'u» 

9, 

Vide 

The moon 

'1 

Vide 

Bky 

0 

KiJe3I5T?cT. 

'Sky, ; ... '' '' ■ «•« 

u 

0 

me ww. 

Elephant 

■8 


Passage : passage 

: 4 , 

According to the daina religion souls may 

into re-birtlu 


have four kinds of emhodiment, via., 



as 

Moiintain ... 

■7 

Vide 

Quality 

3 

Primordial matter is said to have three 



‘qualities*, viz., , 

A planet 

9 

Hine' .plaaefea-ar© ■■ recognise.d. in. ffiijdm;. 



. ::. ' astronomy, .--V'iK.y. Mars, Bfcroury, d.upi*. 



' ;: tor, Venue, Saturn, Hahn, Kstu the 



Sun and the Moon. 

The ©ye 


, 'Tide 

The moon^ 

1 


The moon 

1 



0 

, '555--'5^:;|5;® 


5:4:;;;; 



Wi. 



M 
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... 

Name of' a Jaina 

saint. 

24i 

According to the Jainas tlior© are' 34,, 

itrihankaras or saints. 

... 

fire ... 

3 

Vide 

cTx^ ... 

Elementary prin- 

oiples, " 

7 

The Jainas reoogmze seven such, prinoi* 

pies, viz., 3rN, STf^, 

fsrtr, w- 

-zt 

Body ,4. 

8 

Siva is considered to have his body made 

up of eight things, viz., W7 j> 

%5Tt, srr^gi, 

^nwr^T. 

?[% 

Evidence 

6 

The six kinds of evidence ar©'. 

aT^HrsT, ^VJTF, STSjfqf^, and 

s5> 

ar^fsr. 

Visnn ... .*• 

9 

Vide 

... 

Tirtliankara or 

Jxna. 

24 

Vide 

... 

An elephant 

8 

fide f 

... 

Worldly action ... 

: 8,' 

fide 

5-^ ... 

I5^ame of a mani- 
festation of Par- 
vati or Burga, 

9 

Nine separate manifestations of Durga are 
recognized. 

... 

Quarter or a 

cardinal point of 
th.© universe. 

8 

There are eight cardinal points of the 

universe. 

... 

Do. 

10 

Ten direotions are r-ecognized, namely the 
eight cardinal points of the universe, th© 
upward and the downward directions. 

% •■. 

Sky 

0 

■ Tide • 

■ . ■-* . . 

The eye ..t 

2 

fi5« 81%. 

|fS ... 

The ey© 

2 

fide 3IT%. 


Elementary sub- 
stance. 

6 

Accoording to the Jainas there are six 
varieties of elementary inbstanoe, viz., 


gftf, 31^, tips, 

9TT^. 
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An olephant ... 8 Victg 

An elephant ... 8 Vide 

A Pnranio insniar 7 Thei'e are seven such divisions, viz.. 

division of the 5Trs|^, 

.. terresteial ■ 


.. terresteial ■ 

world* 

Oonsfiitueat priii» 7 These are. said to be .seveo, c.hjle^ 
oiples of the blood, flesh, fat, bone, marrow, seineii. 

body. 

Hame of a kind M Each line of a stanza in this, metre 

of metre. contains 18 syllables. 

Mountain ..... 7. Vide ■ 


... 

SIFT 

Prf^ ... 


of metre. 

Mountain 

Main.© of a dynasty 
of kings. 

Sky ... ... 

Method of com- 
prehending 
things from 

particniar 
stand«points. 

The eye] ,«« 

An elephant ... 

Treasure 


9 Fine Kanda kings are «ai<! to, ' have 
reigned in Magadha. 

0 

2 According to Jainfts there are two Kay&a : 

-■r- . 1 I . 'l urtf rr-ii .r r - r ir i ' 

sr3!irr*i^*nT and 


2 Vide 31%. 

8 Vide flT. 

9 Fine famous treasures are said to belong 

to Kubera, the god of wealth, viz,, 

■ , /% Q 


^3r ... 

The ey® 


Vide ^1%. 


... 

Category of 
thing®. 

9 

The Fainas recognize nine categories of 

tilings. 

iT?tir 

The serpent 

«.* 7 

Sometimes eight and 
principal serpents 
Hindu mythology. 

sometimes soven 

are reckoned In 

'5#% ... 

Ocean #*, 

4'. 

yub 



Ocean ... 

... 4 

Fide 


... 

fire 

... 3 

rida ^Pnsr. 
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... . City ... , ... 3 



. Elephant 

... 8 


. The ■ moon 

... 1 

5i«r 

, Bondage 

... 4 


fTW'V .. 

, ' Arrow ••• 

5 


. A constellation 

27 

m 

. Fear 

7 


. Elements 

5 


.. The sun 

12 

' .. 

, The world 

B 

m . 

Gs 

.. Element 

5 

w 

©S' . 

Mountain 

7 

m 

,, Passion 

8 


Mountain 

7 


.. A goddess 

7 

#r . 

sQ' 

.. Sage 

t- 

1 


■ 

The moon ... 1 


... A name of Siva or 11 


Pudra. 




The moon ..V ■ -A’ 


Three cities representing ' three Asurai 
are said in the Pnragas to have caused ' 
great havoc to the gods, and SiTOis, 
said to have destroyed them. , 0/., 

^3^Fcr^. 

ride 

Vide^. 

The J ainas recognize four kinds of spiritual 
bondage, viz., ^ ;? 

and 

Vide^. 

The Hindu astronomers count 27 chief 
stelllar constellations or lunar man* 
sions around the ecliptic. 

Eive elements are recognized, viz., 

3T^, grg, 3TMRr. 

Vide 

The number of worlds ordinaiily counted 
are three, viz., the upper, the lower and 
the middle worlds. 

Vide 

Fide 

Vide 

Generally seven of these goddesses are 
enumerated. 

Seven chief sages are usually mentioned j 

ttoy are, 

ride %'%■ 

It is held that there are eleven Eudras. 
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w .. 

. Excellent Uiing^... ‘ 

^■3 

'■ There' 'are ■■'"three' excellent ' tilings , ■ for; 

Jainas, 'Via., 

m:: ■'■■■:.. 

: A' pteciocB geiii:.,> . 

9 

Nine gems., are .■tisnally recokned, 

Jif^, 2®nr’r, ^nr, 

JTT?rsfi, 5if^, 


Opening 

9 

Tiiere are nine chief openings in the 
hnman foody. 

m 

Taste 

6 

The six principal tastes are 

3^, IcRff, 


Name of a deity 

11 

Vide 


. Form or shape ... 

1 

Everything has its one only shape. 

c55sr 

. Attainment j 

attainment of the 

nine powers. 

9 

The nine powers to be attained arc 

ardent*'';. snd anMfi 

gsfSEf 

Attainment 

9 

F»d« ■^ 






World 

y 

Vide 


The eye 

S' 

vm 31%. 



6 

These deities are considered to foe eight in 


A class of Vedic 

. ,a 

s» 

deities. • 


nnniber. 

wrl •■ 

Fire 

S' : 

Vide 

^ • 

Elephant 

8 

Vide 

. 

Ocean 


. .. : : 


The moon 

1 

Vide 5^5* 

f%i% . 

Ocean 

t 


fw#ifw. 

Ocean 

4 

Vide 3ri®W* 

. 

Object of sense... 

iM: 

The Objects oognkable by the five organs 


of sense five; viz.» 
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A. group of'Vedic 
.deities. 

13 

'This group of deities' is said to consist 
of 13 members. 


Sky - ■ - 

0 

Vide 

% 

Tlie Vedas 

4 

There are four Vedas, ' 

3P4. 

... 

Fire .»* 

3 

Vide 3?{^5T. 

om^ . 

Ab anwliolesome 
addiction. 

7 

Seven such addictions are prohibited in 
the case of kings. 


Sky 

0 

Vide 3Tq[5^. 

m - 

Act of devotion 
or anstGrity. . 

5 

Vide 

m - 

Name of Rndra... 

11 

fide 

' «h 

Arrow ... 

5 

ride 

^5fsr^ ... 

The moon 

1 

Vide 

?RR!T5^ 

The moon 

1 

tide 

- 

Tia© moon 

1 

Vide 

... 

Tb.© moon 

1 

Vide %rg. 

w 

Arrow 

5 

Vide 


Fire 

3 

Vide 


The legs of a 

bee. 

6 

The legs of a be© are held to be six. 

tc5 

% ..• 

Mountain 

1 

Vide 


Ocean ... ••• 

4 

Vide 

wn: ..• 

Ocean 

4 

Fide 


Arrow 

6 

Vide 

- 

Elephant 

8 

Vide 

^ - 

The sun ... 

12 

Vide 

#fr 

The moon 

Elephant 

4 . 

8 

Vide 

Vide 


A note of the 

musical scale. 

7 

-Seven notes are recognked in the Hlndti 

musical Bcal@» w,, 
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m 

. !Q.ors@ ; «■* ; »•« 

•7 


Warn® of Endm;.,, 

■11 


... Siva’a ©yes 

3 


- 

Fire „ ... ' 

•«•. 3 

im^rsr ... 

.Fire 

■ ... 3 

... 

The moon 

... 1 

f^3 - 

The moon 

... 1 

... 

The moon 

... 1 


fide 

■ ■ 

Si?a is said fco have one ©Ktira.eye .m.'lli© 
middle of the forehead aafeing up', fere©; 
in all. 

rUe sre^r. 

Vide 

ride 

nde^. 

ride 
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APPENDIX II. 


SANSKRIT WORBS USED IN THE TRANSLATION 
AND THEIR EXPLANATION. 


AhMM 

Adhaka 


AdidTiana ... 


Adimuradhana 


Agaru 

AmU-vetasa 

Annoghimr^a 

A'insc, 

A'^niamMa ... 
A'iiisavarga ... 
A^g&Sdstr€L 


A^tarmaXmihaka, . 


Segment of a stridght line fowning the base of a 
triangle or a quadrilateral. 

A measure of gi'ain. Vide Table 3, Appendix IV. 

The verfcieal space required for preseutiag the long 
and the short syllables of all the possible varieties 
of metre with any given number of syllables, the 
space required for the symbol of a short or a long 
syllable being one aiigvla and the intervening 
space between each variety being also &ii angula, 
See note to VI — 383| to 336i'. 

Each term of a series in arithmetical progression is 
conceived to consist of the sum of the first term 
and a multiple of the common difference. The 
sum of all the first terms is (‘.ailed the Adidhana. 
fifes note to II — 63 and 64}. 

The snm of a series in arithmetical progression 
combined with the first term thereof. See note 
to 11—80 to 82. 

A kind of fragrant wood ; Amyris agalloeha, 

A kind of sorrel ; Bumes! vesicarius, 

Kamo of a king j Hi : one who showers down truly 
useful rain. 

A measure of weight in relation to metals. See 
Table 6, Appendix I V. 

Square root of a fractional part. See note to IV — 3. 

Square of a fractional part. See note to IV — 3. 

An auxiliary science. 

A measure of length j finger measure. See I — 2S to 
29 also Table 1, Appendix iV. 

Inner perpendicular; the measure of a string 
suspended from the point of intersection of two 
strings stretched from the top of two pillars to a 
point in the line passing through the bottom, of 
both the pillars. 


^APPEHBIX II, 


m,: 


A-niyadhana ... The last term of a series in arithmetical or 

geomet-rioal progression, 

Ann, ... ■ ... :A.tom or partiole.' Sea. -stanzas 25, to, 27? Ohapte.i,,'I 

and Table I, Appendix iV". 

Ari^tmiemi ■ ' - ... Hame of a Jaina'.samtv-; one'. of the- 24 JwfhaMmas* .: ' 

Arhuda ... ... ■ - Kame of the eleventh place in notation. 

Ar^mm . - ... '■ ... ■ • Name of a tree; ferminalia Arjuna^ W. & A, 

" ' , , ... Name of -a tree (rrislea To?ne>ifoso.. 

Aioka, . ' - «*« Name of a tree ";/<5?2ea?a. Aisoka Eo^sh, 

Aundm — Aundraphala A kind of approximate measnre of the cubical con- 

tents of an excavation or of a solid. See note to 
yill-B. Tbis kind of approximate moastire is 
oalied Atifctra by hrahmagnpta. 

:A.mU ... ' A measure of time, Tide Table 2, Appendix IF. 

Ayatia - • ... Do. . do, 

B^a ... ... ... Literally seed ; here it is used to denote a Sfjt of two 

positive integers with tlie aid of the product and 
the sc|nares whereof, as forming the measnre of 
the sides, a right angled triangle may bo cons- , 
tructed. Vide note to VII — 20a-, 

BMga A measure of baser metals, Vtde Table 6} Appendix* 

IV. 

A simple fraction, 

A variety of miscellaneous problems on fractions. 
See note to IV — 3. 

BMyahMga A complex fraction. 

Bhdgdbhydm A variety of miscellaneous problems on fraeiionis. 

See note to IV — 3, 

BMgaMra.,, Division. 

Bkdgamdtr ... .. Fractions consisting of two or more of the varieties 

of BMga, Prahhagaj Bhdgabhdga, Bhfgdnulmndlia, 
and Bhdrjdpavdha fractions. See note to 111 — *138. 

BMgdnuhandha Fractions in association. Vide note to HI — 113. 

BMgdpavdha Dissociated fractions. ■, See note to III— 126, 

BMgasatkvarga A variety of misoollaneons problems on fractions. 

See note to IV— 3. 

BM^y^ ' ... The middle one of the "three places forming the onbe 

root group ; that which has to be divided* .Bee 

BMra, ... ... A measure of baser metals, fi'de ‘ Table 0, Appendix 


Bhim^i^driya ... ... A variety of ■ misoelkneous .problems fm fraotioni. 
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Bhinnalc'U.tttkafcc 

CalcriMh^ciMjana ... 

Campakcb 

Chandas 

Citi , ' ... ' 

C i tra-lmtfihfm 

Ci ira-huttlM raniis ra 

X>anda 

Baia 

Dasa-kofi ... 
Daia4aksa 
Basasahasra 
T)liarG.m 

jDmdra 

Brakplm 

BHma 

Bundvkd ... 

Bvimgraiesdmftla 

JEka 

Qandcika ... 

QJiana 


Qlianamilla 

0hall 

GunaMra ... 
Qumdhana 


Proportionate distribution involving fractional 
quantities. See footnote in page 125, 

The destroyer of the cycle of recurring rebirths } 
also the name of a Idng of the Bastrakuta dynasty, 

IsTame of a tree bearing a yellow fragrant fiower 
Miohelia CJiamjpalca, 

A syllabic metre. 

Summation of series. 

Curious and interesting problems involving f>ropor- 
tioiiate division. 

Mixed problems of a curious and interesting nature 
involving the application of the operation of 
proportionate division. 

A measure of distance. Vide Table 1 of Appendix 

ly. ■ ■ 

Tenth place. 

Ten crore. 

Ten lakhs orone million - 

Ten thousand, 

A weight measure of gold or silver ; Vide Tables 4 
and 5 of Appendix lY. 

A weight measure of baser metals. Vide Table 6 of 
Appendix lY. Also used as the name of a coin. 

A weight measure of baser metals. Vide table 6 of 
Appendix lY . 

A. measure of capacity in relation to grain. Vide 
Table 3 of Appendix lY. 

Xame of a tree. 

A variety of miscellaneous problems on fractions. 

Unit place. 

A weight measure of gold. Fide Table 4, Appendix 
JY. 

Cubing j the first figure on the right, among the 
three digits forming a group of figures into 
which a numerical quantity whose cube root is 
to be found out has to be divided. 3^6 not© to 

' ,'XI-~53f 54* 

Cube root. 

A measure of time. Vide table 2 of Appendix lY. 

Multiplication. 

The product of the common ratio taken as many 
times as the number of terms in a geometri- 
cally progressive series multiplied by the firsc 
term. Bee ijote to 11—93. 



Qm§i% 


Uasia ... 

EiiiUUa 

IccM- 


JaniliU 

Janya 


Jinas 


Jinapati 
Jina^mnti ... 

Jina - Vurd ha m a na , , , 


Kadamha 

Kata 


Kaldsavarya 

Karmat^ 


Karmdniika 


Karm 


Kdrmpana 

KMahl 

KMn 

Kharva 

Koti 

KdfiM .*« 
Knm 

Krpndgaru ... 


KfU 

Ksepapada 
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A weight uieasare of gold or sil?©i'. Fide Tables 4* 
and 5 of Appeiidix lY. 

A measure of length. Vide Table 1 of Appendix IF. 

Ifame of a tree ; Fhsenix or Mate PaludQsa. 

That quantity in a problein on llnle-of-Threc in 
relation to wiiicii soinetning is required to bo 
found out according to the given rate. 

Sapphire. 

Xarae of a tree : Eugenia Jamhalona. 

Ti'ilateral N-nd quadrilateral figures tliat may he 
derived out of certain given dsita called %'n.s-. 

The great teachers of the Jaina religion ; the daina 
Tlrthaiikaras , . 

The Chief of tho dinas, Vardhanuina. 

Name of a Jama saint ; a Tlrihah’kara. 

Vardhamana, the great proxiagator of the Jaina 
religion and the last of the Thihaiikaras* 

Nfime of a tree j Nauclea Oadamha. 

A weight measure of baser metals. Tide Tabl^^ fq 
Appendix IF. 

Fraction. See footnote on page 38. 

Consequence of, acts done in previous births. Ac* 
cording to J ainas the Kafmati are of eight 
kinds. See under in Appendix I, 

A kind of approximate measure of the cubical 
contents of an exoav itiori or of a solid. See nota 
to Chapter Fill — 9.. 

A W'eigbt measnre of gold oi* silver. Yide Tables 
land 5, Axipendix IF. 

A Karsa. 

Name of a tree j Fandanus Odoratissimus. 

A measure of capacity in relation to grain. 

The 13th place in notation. 

A measure of length in relation to the sawing of wood. 

Orore, the 8th place in notation. 

A iminerieal measure of cloths, jewels and canes* 
Vide Table 7, Appendix IF. 

A n easure of length, T'lde Tabic 1 of *^ppendix IF. 

A kind of fragrant wood j a black variety of AgalU^ 
chum-. 

Squaring. > 

Half of the dif erence between twice the &gt term 
and the common dilferencein a series in arithmeii- 
oai progression, : 


I 
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The 21st place in notation. 

The 23rd place in notation. 

The 17t.h place in notation. 

A measure of capacity in relation to grain 
Table 3 of Appendix IV, 


Ksd?/J 

or Ku(li^ha 


.liijimhJia 

Kunkuma 


The pollen and filaments of the flowers of saffron? 
Oroeus sativus, 

ITame of a tree j the Amo-ranth or the JBarleria, 

Kame of a tree ; WriffhtiaAntidy sen Ulrica, 

Proportionate division. See VI ~79|, 

Qiinfci< nt or share. 

Lakh, the Gth place in notation. 

The place where the meridian passing through 
Uj jain meets the equator. 

A measure of time. Vide Table 2 of Appendix IV. 

Kame of a tree, Bassia iati/olia. 

The middle term of a series in arithmetical progres- 
sion. See note to II — 63, 

The 14-th place in notation. 

The 22nd place in notation. 

The 24th place in notation- 

The 18tli place in no'*’atioii. 

The 16th place in notation. 

The 20th place in notation. 

A name of Vardhamana. 

A measure c/f capacity in relation to grain. Vid 0 
Table 3 of Appendix IV. 

A kind of drum ; for a longitudinal section, see note 
to VI] -32. 

Section j the line along wliich a piece of wood is 
cut by a saw. 

A weight measure of silver. See Tables 6, Appendix 


Kwavaka 

Kuf,aja 

Kutfihfrci 

Ldhha 

Lahsa 

Lcn-nkd 


Lava, ... 
Madhii'ka ... 
Madhijadkana 


McLhdkhcirm 

MaMksitijS 

MaMksdhlia, 

MaMks-om 

Mahdpadma 

MaMmikha 

Mdhdvlra 

M(iiu 


Mardala 


Mdrga, 


Name of a fabulous mountain forming the centre 
of JambdUvipa, all planets revolving round it. 

Alixed sum- See note to II — 80 to 82. 

A kind of drum ^ for a longitudinal section, see note 
to Vin— 32. 

A measure of time. Vide Table 2, Appendix IV. 

The topside of a qutidrilatei’al. 

Square root ; a. variety of miscellaneous problems on 
fractions. Vide note to IV — 3, 

Involving square root i a variety of miscellaneous 
problems on fractions. Vide note to IV— “3 


Misradhana 

Mrdaiiga 


MuMrta, 

Mukha 

Mnla 


MulamUra 
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M-t4,raja 

Ncmdydvarlii 

Narapdla ... 
Nilot^ala , ... 
Wiruddha 
Nulca ... 
Nyarhida^ ... 
Pdda 
Padnia 
PadwM-rdga . 
Faimcika 

Pam 

Fanava 

Faramdim . . 
FariJcarman 
Pdrsm 
Pd tall 

Paitikd 

Phala 


PlaJcsa 

Pmhlidga ... 

Praia rnaka ... . 
Prakfdfaha . . 

Pralisepaka-karam 
Pramdm ... 

FrapdramM 

PraMh^z 

Fratyutpanna 
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A kind of drum; sawu as Mrdadga 
ISTameofa palace built in a particular form, Bee 
note to ¥I — .332|. ■ 

... King; probably name of a king. 

... , Blue water-lily. 

... liOast common mnltiplo, " , , 

... ■ A golden coin,-" 

... The 12tb place innotatiou. 

... A measure of length. Vide Tabic 1, Appendix I?, 
... The 15th place in notation. 

... A kind of gem or precious stone. 

... Belating to the devil} hence very difficult or com* 
plex. 

.. . A measure of time. Fide Table 2 of Appendix IV. 
... A w^eight measure of gold, silver and other metals. 

Vide Tables 4, 5} 6 of Appendix TV. 

... A weight measure of gold; vide table 4 of Appendix 
ly ; also a. golden coin. 

... A kind of dram ; for longitudinal section see note 
to yil— 32. 

... Smallest particle. Vide Table 1, Appendix f,V. 

. . . Arithmetical operation. 

.. A Jaina saint ; one of the Tlrthankaras, 

A tree with sweet-scented blossoms ; Bigmnia 
Smvecl&ns, 

.. A measure of saw -work. Vide Table 10, Appendix 
IV j also note to VIII — 63 to 67^. 

A given quantity corresponding to what bus to be 
found out in a- problem on the Kule-of-Three. 
Bee note to V — 2. 

... Name of a tree ; the waved-leaf fig- tree, Ficus In* 
fectoria or lleligiosa* 

... Fraction of a fraction. 

... Miscellaneous problems. 

. . . Proportionate distribution# 

... An operation of proportionate distribution, 

. A measure of length. Vide Table 1 of Appendix IV. 
The given quantity corresponding to Icchd, in a 
problem on Buie- of* Three. Bee note to V — 2* 

... IJteniUy, that which completes or fills } here, ba»er 
metals mixed with gold ;; dross. 

A measure of capacity in relation to grain* rid$ 


mi 
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Fravartihi 
Punnflgu ... 
Purmja 

Pusijariffii 

'Ratliaremi 

Rmnahf 

M}i 

Sahasra, 

>S’a7cfl 

SaktilalcutfiM ra 

Bald: 

Sctliat.'k^ 

Samaya ^ ... 
SmiTcalila. .. 
Baiikha 
Satitcramam 


Sanlcrdnti 

^dnti ■ 

Bar ala 
Sdra-sa 
Sdrasa-yigfaha. 


Sarpi 

Bar‘mdharnt 


Sata 

Sat&ra 

Sem 


iSesamMa , 
Biddhag^im 


A ineasxire of capacity in relation to grain. 

Name of a tree j EoUleria Tinctoria, 
i\ weight measure of silver. Vide Table 5, ilppendis 
IT ; probably also a coin. 

A kind of gem or precious stone. 

A particle, Fide Table 1, Appendix IT, 

A place 90'^ to the west of Lanka. 

Season, . here used as a measure of time, fide 
Table 2, Appendix IT. 

Thousand. 

The teak tree. 

Proportionate distiibntion, in which fractions are 
not involved. 

The sal tree ; Shorea Mobmta or fahria Bohnsfa, 
Kame of a tree ; Boswellia Timrifera, 

A measure of time. Vide Table 2, Appendix IT. 
Summation of series. 

The 19tih place in notation. 

An opo ration involving the halves of the sum and the 
difference of any two quantities, See note to 
TI— 

The passage of the sun from one zodiacal sign to 
another. 

iSTaine of a Jaina saint. Bee Jina-Sdnti» 

Name of a tree ; Pinus Longifolia* 

A kind of bird. 

Literally, a brief exposition of the essentials or 
principles of a subject ; here, the name of this 
work on arithmetic. 

Name of a tree j same as the sal tree. 

TIao sum of a series in arithmetical progre.ssion. Bee 
note to II— 63 and 64*. 

A hundred, 

A hundred crores. 

A weight measure of baser metals. Vide Table 6, 
Appendix IT. 

The terms that remain in a series after a portion of 
it from the beginning is taken away. See note 
OB page 34. 

A variety of miscellaneous problems on fractions. 
See note to,IT— S. 

A variety of miscellaneous problems on fraotions, 
See note to IT — 3. 

The antipodes of LanM, 
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Those who liaye attained to position in 

regard to s pi ritnal knowledge. 

A measare of capacity in relation to grain. Hde 
Table 3 of Appendix IT- 

One of the three figures of a cubic root group. See 
note to II — 53 and 64'. 

A lay follower of Jainism. 

Name of a tree y Fremna Bpinosa, 

A measure of time. Tide Table 2, Appendix IT. 
Accurate measure of the area or of the cubical 
contents. 

Proportionate distribution as applied to x^^'ohlems 
relating to gold. 

I^Jame of a Jaina saint ; one of the Tlrthaitharas, 

A gold coin. 

The argument of ^ may be.’ See footnote on page 2^ 
Name of a tree ; Xanthochy'mu& Fict^riiL<, 

Name of a tree with beautiful flowers. 

Ford. 3ee note to VI— 1. 

The 24 famous Jaina samts and teachers. See note 
,toTI-~-l., 

A x^artiole, Vide Table 1, Appendix IT, 

Name of a chapter iu Sanskrit astronomical works. 

See footnote on juige 2. 

A weight measm*e of baser metals, 

A di-deificienfc quadrilatei’al. See note to VII — 37, 

A measure of time. Vide Table 2, Ax^pondix IV, 
The water-lily flower. 

The sum of all the muPiples of the common differ* 
ence found in a series iu arithmetical progression. 
See note to II —63 and 64, 

A mixed sum obtained by adding together the 
cominon difference of a series in arithmetical 
progression and the sum thereof. See note to II 

A measure of capacity in relation to grain. 

A ^veax^on of Indra ^ for longitudinal section see note 
to Chapter VII — 32, 

Cross reduction in mnlbipUoation of fractions. Bee 
y,;' .'■rn<)to''t0 Til-- 2,; V.--:' ; 

Name of a tree ; Mi/mueeps JSlengi, 

^ Proportionate distribution based on a creeper lit e 
) obain of figures. Se* note to VI— HfiJ. 


8iddha> 


Bddaiikd 


Sddhya 


Brdvalsa 

Bnparm 

Stoha 

B'if'J^pnaphala 


Suvarna^kuittMra , 


Bmrata ' , . 

Svarna 

Syddmda , 

Ta ma la 

Tilaka 

Ttriha 

TWtkmkara; 


Trasarenu 

Tripraina 


Tula 

XIbhay anise dka 
XJcehvdsa 
Utpala 
Uttaradhana 


Uttar ami srad hana 


Vdha 

Tajra 


Vajrdpamrtana 


Fakula ... 

mum 

VaUiMkuttzMra 
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Vardhamina 


fargawMla 

Tarm 


? '%c i tra-lvUl M ra 


Yidy^dhara-nC'gd'^ 


f iyamct'^uiiiM ra 


Visam&scL nkramciija 


Vitcbsti 

Vrmbha 

VyavaM ran guLa 
Vyutkalita 


Yavakoji 

Toga 
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APPENDIX 111. 


ANSWERS TO PROBLEMS. 


OHAPTEK 11. 

(2) 1152 lottiBes. 

(3) 2592 gems. 

* (4) 15151 gems. 

(5) 53946 lotoses. 

(6) 9255327948 lotuses. 

(7) 12345654321. 

(8) 43046721. 

(9) 1419147. ' . 

( 10 ) 111111111 . 

(11) 11000011000011. 

(12) 100010001. 

(18) 1000000001. 

(14) 111111111 i 222222222 ) 333333333 ) 444144444 ) 556555555 ) 666066066) 
777777777 ) 888S8888S) 999999999. 

(15) 11111111. 

(16) 16777216. 

(17) 1002002001. 

(20) 128 Jyindras. 

(21) 73 pieces of gold. 

(22) 131 IHmraa. 

(23) 179 pieces of gold. 

(24) 803 fruits. 

(25) 173 fruits. 

(26) 4029 gems. 

(27) 27994681 gold pieces. 

(28) 2191 gems. 

(32) 1) 4) 9) 16; 25 ) 36 ) 49 ) 64 ) 81) 825 ) 256 ) 6*6) 1296 ) 6626. 

(33) 114244)21724921)66636. 

(34) 4294967296) 152399025) 11108889. 

(35) 407937G9 ) 50908225 j 1044484. 

(37) 1) 2) 8) 4)5} 6) 7; 8) 9) 16) 24. 

(38) 81 j 256. 

(39) 66536)789. 

(40) 7979) 1331, 

38 
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(41) 36j 25! 

(42) 333 i 111; 919. ; 

(48) 1 i 8 ! 27 ; 64 j 125 j 216 ; 343 i 512 !729 ; 3375 ; 15625 i 46656 j 466638 ; 

884736. 

(49) 1030301 i 5088448 i 137388096 ; 368601813 j 2427715584. 

( 50 ) 9663597; 77308776 i 260917119 i 618470208; 1207949625. 

(51) 4741632 ; 37933056; 128024064 ; 303464448 ; 592704000 ; 1024192512; 
1626379776 ; 2427715584. 

(52) 869011369945948864. 

(55) 1; 2; 3; 4; 5; 6!7; 8; 9; 17; 123. 

(56) 24 ; 333; 862. 

(57) 6464 ! 4242. 

(68) 426; 639. 

(59) 1344; 1176, 

(60) 950604. 

( 65 ) 55; 110 ; 165; 220 ; 275 ; 330; 385; 440 ; 496 ; 550. 

(66) 40. 

(67) 564 ; 754; 980; 1245; 1552; 1904; 2304. 

(68) 4000000. 

(71) 6; 8; 15. 

(72) 9 1 10. 

( 77 ) 2 ; 2 . 

(79) 2; 520 ; 10 ; when the chosen nnmhers are 2 and 10. 

(83) 2; 3; 5: 2; 3 ; 5. 

(85) 120 ; 24 ; when the sam of the required series is twice the known sum : 
80 ; 60 ; when the sum of the required series is half of the known sum. 

(87) 46 ; 4; when the sums are equal: 36; 24 ; when one of the sums is 
twice the other : 44 ; 26 ; when one of the sums is thrice the other. 

(88) 100 ; 216 ; when the sums are equal : 232 ; 192 ; when one of the sums 
is twice the other ; 34 ; 228 ; when one of the sums is half of the other. 

(90) 21; 17; 13; 9 ; 5 ; 1 : 25 ; 17 ; 9 ; 1. 

(92) 6; 5; 4; 8; 2; 1. 

(96) 4374 coins. 

(99) 1275 Sanaras. 

(100) 68887 ; 22888183593. 

(102j 4; 2." 

(104) 4. 

(105) 8 ; 9 ; 15. 

(111) 224 ; 201 ; 175; 244; 261. 

(112) 4836; 4656; 4200 ; 75250. 

(113) 182938 ; 5846. 

(114) 180; 112; 60; 40. 
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OHAPTEE III, 


(3) 


; 1 - , 

^€ma. 


(4) i~ pupas, 

(5) 2 

(6) 2J palas. 

(7) 


^8 

15- 


16 

21 * 


120 
143 * 


224 
255 ^ 


120 
133 * 


(0) — poncts. 

2 

(10) I7t papas, 

(H) U^palas. 


( 12 ; 

( 14 ) 


s 

24 

48 

80 




9 * 

25 * 

49* 

81 • 




25 

49 

81 

256 

400 

10000 

40000 

4 * 

4 * 

, 4 * 

9 

r 9 

* 9 

* 9 • 

9 

25 

49 

81 

121 

169 

225 289 

4 * 

9 * 

16* 

25 * 

36 * 

49 * 

64 * 81' 

1 

1 

1 

1 

1 



2 * 

3““* 

“T* 

5 * 

"6“‘ 




(17) See examples 14 and IS in this chapter; -!. 

■ fi 

i. ^ _L _i, J_ _i_ JL _L. 

8 ’ 64’ 126 * 216 * 343 * 612 * 729 V 

27 343 1331 3875 6859 12167 19683,' 

8 * 64 f 216 r 512 * 1000 * 


(19) 

59319 

8000* 

( 20 ) 


29791 42875 

1728 * 2744'* 4096 “* 'Tm'’ ' * 


(36) In each of the sepies the hrst term Is 1, and the common diference is 2, 

4 9 16 25 ■ 36 49 64 81 

The squares of the sum® are — ^ 

^ 9 * 16* 25 *. 36 * 49 * 64 * 81* 100* 

Qf the gtiTO8' nm~ ,,21$. BM.. 

* 27';’ 




GANlTAsiBiLSi.ir^BABA. 

8 '' 27 ■•'■ ■64 125 2X6 first terms Me 


, TEe cubic ■sums are 216 ’ 343’ 


1 3 1 i \_i„. tKe eoramou diSerences ar© - 

■ 0 ,»: 10 ’ 6 ’ 24 ’ 14 

4 3 8 

'T* 2’ 5’ 


12 ' 


^ ■ ' tKe uumbers of terms are v 

7 . ’ . ■ 

. 8 16 
(30) y-j 21 * 


12^ 
7 ‘ 


7 

' 13 ’ Is * 

1' 1 
4 ’ 2 * 

S 2 
(35) -5-5 g 

4" 


(31) 

(82) 


(37) Jl 


/oQN 3512 the iBtercKaugeable first term aud common, difference 

"iT ’ 75 ^ 

. and is the equal sum/ the sums are 

when the sums are equal, aua ^ ' • 

in the ratio of 1 to 2, i|? a^d are the first terra and the common difihr- 

, and the double enm is When the sums are in the proportion of 

134i2 4883 


enoe 


1 to i. the first term and the common difference are ^ and 


and tK© 


halved sum is 
341 


(42) 

(44) 


7551488 
225 * 
1 


2048 ’ 2048 
136 135 , 

47 ■’ 82''’ 


63 

52 


(48) 4- 


(49) 

(50) 


127 

6760' 

11 

100 ’ 

4367 


653 9367 


liOOo’ 1440"’ 23520' 
17 
a ' 


(62) 21; 


37186 


* ^ . 176 . 852 . W ; the sams are — ^ 

(S3) The first terms are '^•>}29 6561 

82880 . 13376 . jjjQ Dumhers of terms are 6 ; 4 i 4. , , 
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are tEc optionally choaea qnantitio*. 
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(115) 14^ wtjjftas. 

(116) 0. 

(117) 3 dro^os and S masas. 

(118) l-f-. 


(119) 2 

( 120 ) 1 . 


nifhis. 


( 121 ) 

(123) 

(134) 


1 

T' 

7 * 


1 

10 


(127) 24i'ka‘rsas, 

( 128 ) -I-. 

(129) 1. 

(130) 1. 

(131) 1. 

(133) ”, X- 

parts. 

(134) 

(137) 


wbeB 


A 

3 * 

^nrheni, 


. are the optionally split np partis. 


1 

12 


and — are the optionally split ap 
4i . 


^are the optionally chosen fractions 


in places other than the beginning ; A when 

similar fractions. 

■1 

(139 & 140) 8 -IT’ 


6’ 7' 8 


CHAPTEE IV. 


(6) M hasias, 

(6) 60 bees. 

(7) 108 lotuses, 

(8 to 11) 288 sages. 

(12 to 16) 2520 parrots* 
(17 to 22) 3456 pearls. 
(23 to 27) 7560 he«s. 

(28) 8192 «ows. 

(39 and 30) 18 mangoes, 

(81) 42 elephants. 

(82) 

(84) 36 csamels. 

(IS) 144 peaooolcii* 
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(56) S76 MrdB. 

(57) 64 moakeyi* : 

(38) '36 eiiokoos. ■ 

(39) 100 swans. 

(41) 24 elepliaiits* , . 

(42 to 45) 100 asoetioa. 
(46) 144 elephants, 

■ (48) .,16 bees, 

(49) 196 lions. 

(50) '324 6®6r« 

(53) ,48 a%4*l<2f« 

(64 & 66) 150 elephants. 

(66) 200 boars,. 

(68) 96 or 32 v^ha8» 

(69) 144 or 112 peaoooka. 
(60) 240 or 120 hasta$* 

(62) 64 or 16 buffaloes, 

(63) 100 or 40 elephants, 

(64) 120 or 46 peacooks, 

(66) 16 pigeons. 

(67) 100 pigeons, 

(68) 266 swans, 

(70) 72. 

(71) 324 elephants. 

(72) 1728 ascetics. 


(3) 638 

(4) 8 ^ 3,5, 

(6) 105600000, 


($) 6ays. 

(7) 3110 I years. 

^ ««2041 
w ^""“43(1080" 


papa.#. 


hMrm, 




gahkasaeasaS QBAHA, 


31%:; ; ; \ 

(13) 2380-4“ 

(I4i) 163 pairs. 

Sfl _ ... .. 

(15 & 16) 12 iSr 2/oio«os i 27 

(17) 113 <Jro«as of kidney beans 504 ftudabas of ghees 

MS paifs of cloth 5 SS6 cows ; 168 svarms. 

; (18) . 160 J 112 dUrmas, 

: (19) 720 piece®. 

(20) S25 pieces. 

(21) 24 Ttrihankaras^ 

(22) 216 blocks. 

(24 & 25) 6 years and 117 days, 

(26) 218'^ days, 

(27) 10 years and 246 IF 

9 , 

(28 to 30) 351 days, 

(31) 76 1- days. 

(33) 10 jpurams j 18 pumms ; 28 puranas, 

■ ■ ■ 19. ■■ , ■ ' 

(34) 29 li^gold coins. 

(35) 36 gems. 

(36) 4iQ0Q panes, 

(37) 250 larsas, 

(38) 960 pomegranates. 

(39) 560000 gold coins. 

(40) 750 gold coins, 

(41) 54. 

(42) 262 gold coin®. 

(43) 945 vdhas. 


OHAPTIE VL 

,(3)'’7;5F;:4i5. '"'.-V' 

(5) 9 ; 18 5 and 25— pumms, 

(6) l7 lo 

(7) 61 purdnas and 14 pami» 

( 8 ) 200 . 

(9) 33-^ Mrfdpmas, 
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(18) 60 ; 60 i 70. 

(15) 10 months. 

(16) 6 months. 

(17) 10 months. 

(19 & 20) .85-|“ pttifl-'!- 
(22) 30 ; 18. 

(24i) 30. 

(26) 5 months. 

(27) n mouths ; 75. 

(S8) 4|- months; -31 J. 

(30) 314. 

(31) 60 i 6 months. 

(32) 24 months ; SO. 

(34) 10 i 2| months. 

(36) 48 ; 10 months ; 24. 

(38) 10 ; 6 : 3 ; 13. 

(40) 40 ; 30 ; 20 ; 50. 

(41) 5 ; 10; 15 ; 20 ; 80. 

(48) 5 months ; 4 mautlis ; 3 months ; 6 months 
<45):a. 

(«) 6 ; li. 

(48) 20 i 2S j .36. 

: ;(48 &50) 35,v A) 

(52) IS. 

CSS) 30. ■ ' 

(53) 900. 

(56) SOO. 

(58) 28 Months. 

(39) 18 months. 

(61) 2400 i 800 ; 1200 ; 06. 

(62) 1000; 430; 480; no. 

S||64|:-|0.(C; 

(07) 2400 ; 2720; S4(X1. ^ 

(68) 1050; 1400; 1800. 

'(09) 8100; 4890 ; 40.50. 

(70) 1.300 ; 119f ; 1150. 

(72 and 734) i S I?? ! ~ months. , 

(73j. to 76) -440 ; 11 ; 6 months. ,, , 

(784) ~ months ; ~ . . . 

(804) 48; 32; 2-4; 10. C . 


3J4 OANlTAsiKASA^GKABA. 

(81i) Ss 9 ; 37 i 81; 218. 

( 82 J to 85i) 120 ; 80 ; 40 ; 160 i 60 i 20. 

(861) 48 ; 72 ; 96 ; 120 ; 144 
(90i and 9: 70 pomegranates ; S.9 mangoes ; ~ 


(92ito 944). 





Gnra. 

Ghee, 

Milk. 

; I pot 

128 

32 

64 


■8 ^ 

V* 


3ii' " ' 

■ 8 

16 

,11 pot 

3" 

s' 


64 

16 : 

32 

m pot 

i' 

- S' 

9 


(9b| and 96|) 15 men ; 50 men. 

(9Si) 4; 9; 18; 36. 

(99|) 8 ; 13 ; 21 ; 36. 

(100*) 2;4; 7;1S; 2.5f. 

(lOli) 16; 39; 96 : 234. 

(lOSi) 220; 37. 

(104J) 20; t- 

105-1) 6 ; 4 ; 3. . , , . 

(thd latter two liaritig' Oecu oi>u«iia!ly uiioosen i. 

(106 i) 8. 

(1084) 8031 OOO ; 1S60; 2231. 

(110|) 148 ; 85328 ; 184. 

(U ?4 and 1134) || dowors. 

(1141) ^ dowers. 

(1175) 5. 

(118i) 17. 

(1194) 26. 

(120|) 9. 

(12l|) 55. 

(122i) «1. 

(123^) 69, 

(1244) 39. 

(1264) 16. 

(126-1) 15. 

■^::p7|) 637. 

(128|) 13S. 

(129|) 194. . 

(1314) 11. . 

( 182 | anti 

(138i) In the case of positive assoomtea numbers 


wood apples. 


; 13 ;Sj 12; I ; 2.5 


APPITOIX III. 


In tke case of negative associated numbers : 

lljlSj 23, 27;19; 23; 7; 39 ; 11 ; 44;^ ;41 ; 5l‘; 46 ; 69 j 37. 

(140|tol42J) 8; 8. 

,(1441 aad 145|)' 


, I heap 
11 ,, 

iii:, 

■V Price', : 

r(147| to 149). 


Citrons. Plantains, Wood-apples. Pomegranates. 


,14 

16 

18 

2 


3 

3 

3 

10 


1 

4 


1 

1 

1, 

3 


Peacocks. Pigeons. Swans. Sarasa-birds. 


Number 7 16 45 

14 

Price in panas -g- 12 86 

'•(ISO)--- 

Ginger, Long pepper. Pepper. 
Quantity 20 44 4 

Price in panas 12 16 32 

(152 and 153) Pams 9 j 20 ; 35 ; 36. 

(155 and 166) When the optional number is 6 


83 

14 


4 

10 

3 


14, 


3, ‘7. 


Wben the optional number is 8 j 5 i 6 j 16 i 4. 

(158) Length of a stage 10 Yoja^ias; each horse has to travel 10 Tojanas, 

a60tol62) 10s9j8i 6. 

(164) 20 i 15 and 12. 

(165 and 166) 8 ^ 20 j 40. 

(168) 243 panas, 

S ^ 2 16 40 28 80 

(170 to 1/ 11) 1U|^ ; 2li 7' 2l' 21’ T* 7 ’ 

(I73i) 32. 

(1741) 87|. 

(I77i and 178) 14, 

(179) 3. 

(181) 21. 


(184) 


100 
'll' '*■ 


'■■■■C186):''20i'4;'44'4}4*:24. 

117 109 „„175^11X 


(188) 

(190) 


^ ; 13. 


16 ’ 10' 


29 


(191) 8; 13; 10; y. 

(193 to 18C|) (a) j i ^ i (1) 

1800 800 


11: 76' 

2 : 7 ' ' 


'92' 


(198i) S60 ; 448. 
(200|to201) 2—5 100; 


7 ’ 7 

(204 and 206) 47 ; 17 ; 34 ; 68 ; 136. 
(207 and 208) 2400. ' 


41 
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ganitasIeasangkah A , 


(313 to 215) 3i 2, 

(217)11. 

(219) 8 i IS j 20 s 15 ; 6 i 1 ; 63. 

(320) 5;10il0;Sj 1:31. 

(321) 4 ; 6; 4; 1 ; 15. 

(223 to 225) 10 ; 24 ; 32. 

(227) 4 jack fruits. 

(229) 2 Yojanas- 

(231 and 232) DJmras 18 ; 57 ; 155 ; 490. 

(286 and 237) 15 ; 1 ; 8 ; 5. 

(239 and 240) 261 ; 921 ; 1416 ; 1801 ; 2109 ; 110880. 
(242 and 243) 11 ; 13 ; 30. 

(244 and 244)) 3 ; 4 ; 5. 

(245) and 247) 5177 ; 103 ; 169 ; 223 ; 388. 

(248) 14760; S5G ; 585 ; 445 ; 624. 

(249 to 250|) 55 ; 71 : 66 ; 876. 

(253) to 255)) 7 ; 8 ; 9. 

(256) to 358)) 11 i 17 ; 20. 

(260) and 261)) 7 ; 3 ; 2, 

(262|) 8; 12 ; 14, 15 ; 31. 

(263) ) 54 ; 72 i 78 ; 80 ; 121. 

(264) ) 1875 i 2625 ; 2925 ; 3045 ; 3093 ;;S187. 

(266)) 4; 7 1 13. 

(287)) 12 ; 16 ; 22 j 31. 

(270 to 272)) 421; 40. 

(274)) 5 ; 8. 

(276)) 186. 

(277) ) 161. 

(278) ) 

(280)) 26. 

(282) to 283) 1296 ; 1225, 

(285) (a) I ; i (5)-i ; 


35. 

3 


(287) 

(289) 37, 

(291) 40; 184. 

(293) 2 J 3. 

(295) 5 women ; 40 flowers. 

(297) 204 ; 2109 ; 2870 ; 73810 ; 180441 ; 16206- 
(300) 1095 ; 1624. 

(302) 441 ; 1296 ; 784 ; 105625 ; 1082146818. 

(304) 35551; 126225. 

(306)) 27663. 

(SOS)) 604 ; 732 ; 1020 ; 1375 j 6304 ; 160876 ; 372304, 
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(310i) 1663100 ; 5038869 j 9646 5 12?05 ;114400. 
(312i— 313) 

^ 162’ 12388 

(315) 426. 

(316) 416348873. 

(318) 2j 3;5 ;'40. 

(820) 

(321 to 321-1) 24 days. 

(323|) 3* 

.( 325 '|>. 6 ;', 

(327J) 25 days, 

(329i) 13 ;P. 

(331-1) 55. 

(332A) 620. 

(337|) H’or answer see footnote in the translation 


CHAPTEE YII, 


(8) 32 sq. dmidas, 

(9) 866 sq. and 4 sq. 

(10) 98 sq. dmidas, 

(11) 1200 sq- dmidas. 

(12) 3600 sq, dafduiU 

(IS) 1952 sq. dmjda^, 

(M) 2373-| gc|* dmj4a3, 

(15) 6304| sq. daf4<^^% 

(16) 1925 sq. danda.% 

(17) 7425 sq. dmdas^ 

(IB) 50 Bq» hastas. 

(20) (i) 54 i 243. (li) 27*; 121^. 
(22) 84 s 262. 

(24) 48 hmtas; 196 sq« hasim, 

(26) 378. 

(27) 136. 

(29) 189 8q, iiasim $ 136 sq. 
(SI) 108j 972 j 36, 

(S3) 1600. 

(34) 2,400 sq* dmjdas, 

(55) 462 sc|. damim. 

(56) 640 sq. do-wdas. 

(38) 324 sq* da?i#a.«j; 486;Ht|* 
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(42)20i;3i. 

(44.) 253|! 39. 

(46) 13j 26. 

675 675 

__ 

(51) V768 sq. Am^as ■, ia^as ■✓48 ; 4 j 4. 

(£3) 60 sq. Aa^a» i Aan^as 12 j 5 j 5. 

(53) 84 i 12 i 5 i 

(55) V30 J 25. 

(56) 13 ; 60. 

(57) 65; 1500. 

(58-) 312; 288; 119; 120; 34560. 

(59) 315; 280; 48; 2.52; 132; 168; 224; 18 9 ; 4i4100 . 

[sl) 4g0O0; 4^8100000; 1/4840; 4^146410. 

(62) V^-, ’ -t/262440. 

(64s) y V 54432. 

(66|) 4/^ 

(684) V39^ sq.to^w; '✓20250 8q. da«^. 

(691) 4/31^ 

/71 lA 4 /i 50 sq. dandas, 

U) 

(75|) 4/S6O ; 12 j 6. 

(77'i) 23040. 

(78|) 19^-V57^ 

(791) 192-4/23040,^^ 

A/i930O ^ 

(Bl'l) 9 * * 9 

(83i) 16-V‘160. 

(85-|) 4/48-'1/40‘ 

(871) 16, 12; 48. , 

(891) 20 ; 8. 

. (911) 3; 45 5. 

(92i) 6; 12; 13. 

(94|) 16; 30; 34* 

(96i) 5*5 3 ; for the turee cases. 

60; 61. 



(lllj) 13} 16j 14; 12. 
(113j)4,j_l. 

(114|) 4^2s 3. 

(115f) 65 3. 

3 > /\/|. 

(H7j) SS; (perpeadionlai 24) 


(119|) jg i (perpendionlar 
(mi) 3i 8. 

(12Siandl24|) 39; 53 j 26 ; 60 j 33; 66; 63; 16. 

(I26i)6,12. 

(128i) 5; 13. 

(ISOi) 25; 60. 

(134) 8; 15; S; 20. 

(136) 8 ; 7 ; 2 ; 28. 

(186) 32; 87; 6; 232. 

(188) 37 ; 24; 29 ; 40. 

(189) 17 ; 16 ; 13 ; 24. 

(140) 628 ; 672 ; 970 ; 1904. 

(141) 281 ; 320 ; 442 ; 880. 

(143 to 145) Circle : 25920 ladies ; 720 (Ja«do«. Square : 34660 ladies ; 720 
dandas. Equilateral triangle 88880 ladies ; 1080 daidat. Longish 
quadrilateral : 38880 ladies ; 1080 dm^as ; 540 dani^at. 

(147) (0 Side 8 

(ii) Base 12 ; perpendicular 5. 

, IS (S 1 . 41 ^ 

(149) "g ! "s' > 12 ’ 12 » 

(161) IS; IS; is;; 3; 12. 

(158 to 188i) 8 ; 16 ; 11 ; 12. 

(155i) Vis 
(167j)6;6;4 
45 89 116 


r 



3gO OAiriTASABASASQBAHA. 


(1721) lOi 13. 

(174i) Sides ji top-side -g-i base -g. 

(176) 17. , , _: 

(177| to 178^) (a) 3600 j 7200 i 10800 ; 14400 ; (6) 54 j 90 j 126 j ,162 ; (c) 100 j 
100 ; 100 ; 100 . 

(179J) (o) 2700; 7200 ; 4500 ; (&) SO ! 70 ; 80 ; (c) 60 s 120 ; 60. 

(181-^) 8 hastas } S hastas. 

54 m , 90 ^ ^ 

(1821) ^ i Y toMS. 

(1S3|- and 184|) ^hasfas; Qhastas; 9 hastas. 

■ 2 § 

{I85|) 1 hastas i 7 hustas i -g hastas. 



hastas. 


(186-1) J hasUs ; hastas 
(i87|) 9 hastas i 12 hastas ; 

(188*1 and 1S0|^ 8 hastas ; 2 
(191-|) 13 hastas. 

(192J) 29 hastas. 

(193| to 195|) 29 hastas; 21 hastas* 

(197|) 10 hastas. 

(199| to 2D0-|) 12 yojanas ; 3 yd^anas. 

(204i to 205) 9 hastas ; 5 hastas ; V250 hastas. 

(206 to 207-|) 6 yojanas; 14 yojanas ; 'j/520 yojanas, 
(208| to 209|) 15 yojanas j 7 yojanas. 

(2il-| to 212J) 13 days. 

(214i) VIS; 13. 

OS.. 

(315i) 

(216J) -3-. 

(2l7i) 63. 

■ 169 

(218i) 4/48; -j|. 


Oblong : 5 ; 12. Quadrilateral with two equalsides 


(S22J) Square: 


Quadrilateral with three equal sides 


top-side 


top«8id® 


Inequilateral quadrilateral: sides 


Isosceles triangles aides IS 


Sjbase'lB. Equilateral triangle 


Soalene triangle,: sides, 12 


/ 


A^PEBDiX lit. 


32i 


108 

(224|) Square, S. Quadrilateral with two equal sides : Quadrilateral 

512 . Ml 

with three equal sides ; Isiequi lateral quadrilateral : Equilateral 

. 20 

triangle ; 4^12. Isosceles triaugle i , Scalene triangle : 8- ‘ Hexagon : 

' , if the area of, the same is taken as- 4^48 in acoordaiice withthern^^ 

given in stan25a „86|- of this chapter.. - ■ 

(226-1) 8. 

(228|-) 2. 

(230|) 10. 

;(232i),6|,'2. ■ 


OHAPTUE . Till. , 

(5) S12 ouhio Itastas* 

(6) 18560 cubic hmtas* • 

(7) 144320' cubic ^ ^ 

'(a) 162000 cubic hmias. " . ' ; 

(12i) 2928 cubic hasias, 

(13-|) 1458 cubic hastas; 1476 cubic hastas^ 1464 cubic hastas, 
(14|) 2916 cubic htsias j 2952 cubic kastus ? 2928 -cubic hmias. ' 
(15-|) 3360 cubic hastas. 

98980 


(let) 


- cubic Jiast&s, 


(I7t) 16100 cubic hastas, 

(1S|) 182831 cubic 

C2l|) (!) 3024 cubic dan^m | 3024 cubic' ; 40S2 cubic dmKimi 
(i!) Central mass is tapering; 1488; 1488 ; 1984 cubic d^ri4m 
fe032; 1984 cubic 
40 cubic hastas. 


(24i). 

(2S|). 

m)- 

(29|). 

(31*). 

(34). 


16 

12 ; 30. 

2804 i 2073 f. 
V'WO; V648.' 

1 2 3 

jjofaday. Jj> JJ' 


14 


•of the well# 


(35 and 36). 13 t/ojcwaif, and 976 dmda$ 

(S7 to 38|). 17 1 

(38| and 40J-). 26 and 1952 - ; ' ■ ' 

(41| and 42i). 6 yojmm, 2 h 0m and 488 'Mn4m 
(45|). 6912 unit bricks. , .■■■■' , ■ 

3456 unit brioki. 
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(474). 

(4S|). 

m)- 

(50|). 

(5l|). 

(53|). 

(58|). 

(561). 


5184 unit ‘bricks* 

108000 tinit brick®* 

40320 unit brick®. 

40320 unit bricks. 

20736 unit bricks. 

1440 Mit bricks; 2880 unit bricks. 
2640 unit bricks; 1680 unit bricks. 

2880 unit bricks; 1440 unit bricks. 


19 

(58J). 20; -Q 
(59-60). 891 unit bricks. 
(62). 18,720 unit bricks. 

(68ir). 6* joffiitas. 


OHAPTBE IX. 

(91). § of a day. 

(Hi). SigAofls 

(13i). S of a day. 

C14i). 2.- 

(16itol7). I of a day ; 10 steps- 

(19). 8 angulcus, 

( 22 ). 16 hastas. 

(24) . 8 hastas, 

(25) . 2. 

(27). 20 hastas. 

(29). 10. 

(31). 5 5 50. 

( 34 ). 5 hastas, 

I 

(SS to 37i). 18 of a day : 8. 

(S8iand39i). 5 karios, 

(41ito42). 24u*g»ias. 

(44). 32 ongulas. 

(46 and 47). 112 u«9«ias. 

(49) . 175 foot-measures. 

(50) . 100 foot-measures. 

" (51to52i). lOOyojanas. 



APPmDIX IT. 


TABLES OF MEASURES. 


1. LINEAR MEASURE. 


Infinity of Fizrantanus " 

8 Anns 
8 Trasarenus 
8 Bafharenus 
8 hair-measures 
8 lotise-mea««res 

8 sesamiim-measmres 
8 barley-measures 
600 Vyavahdrangul&s 
6 Afigulas (finger-measure) 
3 feet 

3 Vitastis 

4 Easias 
2000 Bandas 
4 Kroias, 


=: 1 Anw, 
s=s 1 Trasarenu, 

= 1 Batharenn, 

= 1 hair-measure. 

' !■ louse-measmre. 

s= 1 sesamum-measure or mnstard- 
measure. 

= 1 barley* measure. 

== 1 angula or YyavaMr0igula» 
s= 1 Pramdna or Framamngula, 

= 1 foot* measure (measured across). 
= 1 YitastL 
= 1 Hasta, 

=2 1 Banda, 

5SK 1 Krbia, 
sas: 1 Ybjana, 


TIME MEASUEE. 


Infinity of 
A number of Avalis 
7 TJcchmsas 
7 Boikas 
38| Lmas 
2 Qhaju 
30 M%Mrta$ 

16 days 
2 Fakias 

2 months 

3 

2 Ayma» 


: 1 Avali, 

: 1 Ucchvdsa, 
; 1 Btbka, 

: 1 JDava. 

. 1 math 

t I MvfMrta, 
1 day. 

1 

3 month. 

I 

1 Ayma» 

I yeUTt 


S24 ga:nitasIhasakoea:ha. 

3. MEASTOBS OF CAPACITY (OEAIiJ MBASUEEMENT), 


4s Sddaulcds 


5i»cs 1 Xuidha, 

4i KuSahds 


= 1 Prastha^ 

4s Prasihas 


. == I'Adhal&i, 

4 jiidfiGihcitS 


=s 1 Prona^ 

4i Drd?ms 


= ' 1 

4 Mdms ' 


'== 1 Khdrt. 

5 Khdrts 


= 1 Pratartikd» 

4 Pravariihds 


*= 1 

5 PravariiMs 


== 1 Kwnhha. 


4. MEASUBBB OF 

.HEIGHT— gold; 

4 Gandalcas 


= 1 Gunjd, 

5 Gunjds 


= 1 Pana, 

8 Panas 


= 1 Dharana. 

2 Dharanas 



4 Kar^aa 


= 5 : 1 Pala, 


5, MEASUEES OF 

WEIGHT -SILVER. 



== 1 Gunjd, 

2 


=s 1 Mdaa. 

16 Mdpas 


= 1. Dharam. 

21 Dharanas 


== 1 Karsa or P%rdna, 

4 Kar?as or Purdnas 

1 Paia-, 

6. MEASUEBS OP WEIGHT— OTHBE METALS. 

4 Pddas 


=5 1 Kald, 

6i Kalds 


=: 1 Fw. 

4 Yavas 


= 1 Anda* 

4. Andas 


“= 1 BMga, 

6 BMgas 


= 1 

2 Draksunas 


= 1 Dmdra, 

2 Dmdras 


,s= 1' Bat&ra,':\ 

12j Palas 


>=' 1 Prastha* 

200 Palas 


'-aa. l';!2%2if.V;': 

10 Tidds 


;\'::s= 1 Bhdra, , 


7. MEAStlEEMBlTT OF CLOTHES, JEWELS ATO CAHBS. 


20 p».ir» 


= 1 E3ftfca. 


APFBKDIX ' IV, 


8. lABTH: MEASUBEMBHT. ' 

1 cubic Easta of oompresaed eartiii , sss S600' Falaa^ 
I mhiQ Baato , of loose earth ■ » 8200 'Pak«* 

,9, beige: MEASUBIMEKT. . 

Brick of 1 hasta n. \ ^ 4;' ' 

A^ngulas , ' ' =s Uait brick. . 



m WOOD MEASUBBMEET. 

1 Emta m'Rd 'l8 angula$ ' ' ' == 1 Kisku^ 

Work done in ciaiting along by means 
of a saw a pie«0 of wood 96 
las long and i Kifku broad = 1 Paffika, 

11. SHADOW MEASnBlMEKT. 
f- of a man*s height = his foot measure. 





